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[57] ABSTRACT 

A homogeneous specific binding assay which employs a 
substance having reactant activity, i.e., a reactant, in a 
chemiluminescent reaction as a labeling substance in the 
detection of a ligand in a liquid medium. The assay 
employs a conjugate formed of a specific binding sub- 
stance coupled to the chemiluminescent reactant. The 
activity of the conjugated reactant as a constituent of 
the chemiluminescent reaction is affected by reaction 
between the specific binding substance in the conjugate 
and a specific binding counterpart thereto. The pres- 
ence of a ligand in a liquid medium may be determined 
using competitive or displacement binding or sequential 
saturation techniques wherein the specific binding sub- 
stance in the conjugate is the ligand or a specific binding 
analog thereof, or using a direct binding technique 
wherein the specific binding substance is a specific bind- 
ing partner of the ligand. The effect of the specific 
binding reaction on the chemiluminescent activity of 
the conjugated reactant is related to the presence or 
amount of theiigand in the liquid medium tested. 

46 Cairns, 12 Drawing Figures 
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SPECIFIC BINDING ASSAY tive steps necessary for carrying out the enzyme-tagged 

CROSS pfffr cMpc Tn DCT AT ~ . immunoassays are for the most part the same as those 

CROSS REraRENCE TO. RELATED 5 required in radioimmunoassays and include the cumber- 

ArruLAiiuw separation stcpt An additional disadvantage of 

This is a division of application Ser. No. 894,836, filed usuig enzyme-tagged materials is that each enzyme used 
Apr. 10, 1978, which is a continuation of application as a tag must be individually chemically modified for 
Ser. No. 667,996, filed Mar. 18, 1976, now abandoned, use in the formation of the tagged conjugate. The use of 
which is a continuation-in-part of application Ser. No. 10 other tagging materials has been suggested, such as the 
572,008, filed Apr. 28, 1975, now abandoned. use of coenzymes or viruses, Nature 219:186(1968) and 

BACKGROUND OF THE INVENTION the use of fluorescent-labels, French Pat. No. 2,217,350. 

2. Description of the Pnor Art 
L. Field of the Invention While the radiolabeled and enzyme-tagged immuno- 

This invention relates to compositions, devices, and 15 assays may undergo future improvement in terms of 
methods for determining the presence of a ligand in a expansion of the range of substances detectable thereby 
liquid medium based on the affinity of the ligand for a or of simplification of the procedure, by their nature 
specific binding partner thereof. In particular, this in- they will always require some type of separation step 
vention relates to compositions, devices, and methods Recently, a different approach was disclosed which 
for use i in specific binding assays which do not require a 20 does nQt ife % ation st ^ therefore has 
separation step and which do not employ radioactive re f e rred to as a homogeneous system, in contrast 

matenals or modeled enzymes as the labeling substance. t0 a heterogeneous system m which separation is esse* 
Thedesirabil^ tiaJ u§ Pat Nq * ^ competitive 

ardous means for detecting the presence of low concen- h\rxA\nu ««« m «tfc~i "^T ♦ wmpcuu^c 

trations of substances in liquids is self-evident. This is 25 

particularly true in the field of clinical chemistry where £ K 1™Z L solub ^ com P lex 
constituents of body fluids which may appear in con- £ 8 ° f u WV *W 
centrations as low as 10- " molar are knoCTto be of bound f t0 the f""* to * detected and with a soluble 
pathological significance. The difficulty of detecting J*?!** usually an antibody, for the ligand; and ana- 
such low concentrations is compounded in the field of 30 f ° r ™ effect of the liquid to be assayed on the 
clinical chemistry where sample size is usually quite enzymatic activity of the enzyme in the complex, 
limited. While this method has the advantage of not requiring 

Classically, substances have been detected in liquids a ^P^ 011 ste P because reaction between the enzyme- 
based on a reaction scheme wherein the substance to be bound-hgand complex and the receptor results in inhibi- 
detected is a necessary reactant. The presence of un- 35 tion of the enzymatic activity of the enzyme in the 
known is indicated by the appearance of a reaction complex, the method nonetheless is severely restricted 
product or the disappearance of a known reactant. In m . its ability t0 De adapted to widely varied assay re- 
certain instances, such an assay method may be quanti- quirements. For instance, it is clearly essential that in 
tative, based on a measurement of either the rate of * c fabrication of the enzyme-bound-ligand complex, 
appearance of product or disappearance of reactant or 40 ^ e substance or ligand to be detected must be coupled 
measurement of the aggregate amount of product pro- t0 tne enzyme in a carefully controlled manner so that 
duced or reactant consumed in attaining equilibrium. tne coupling site is close to the enzymatically active site 
Each assay reaction system is necessarily either limited on *be enzyme. This is required in order that upon reac- 
to use in the detection of only a small group of sub- ^ on between the complexed ligand and the receptor, 
stances or is non-specific. 45 the enzymatically active site is blocked. Enzymes vary 

The search for assay systems which are highly spe- greatly in their size, ranging in molecular weight from 
cific yet adaptable to the detection of a wide range of about 10,000 to 1,000,000. Thus, for a receptor in the 
substances has evolved the radioimmunoassay. In this form of an antibody having a molecular weight of be- 
system a known amount of a radiolabeled form of the tween 150,000 and 300,000 to be capable of physically 
substance to be detected is allowed to compete with the 50 blocking the active site on an average enzyme of 
unknown for a limited quantity of antibody specific for 500,000 molecular weight or greater, the coupling site 
the unknown. The amount of the labeled form that must be precisely controlled. Due to the complex chem- 
becomes bound to antibody varies inversely with the ical structure of enzymes, precise control of such chem- 
level of unknown present. Inherent in the radioimmuno- ical linkage is indeed difficult, and one would expect 
assay technique is the need to separate the labeled form 55 that even upon screening a wide variety of enzymes 
of substance to be detected which becomes bound to only a small number would be found to be of use in this 
antibody from that which does not become so bound. homogeneous assay system. 

While various ways of accomplishing the required sepa- Moreover, it is critical for the purpose of obtaining 
ration have been developed, as exemplified in U.S. Pat. quantitative test results to precisely control the ratio of 
Nos. 3,505,019; 3,555,143; 3,646,346; 3,720,760; and 60 the number of enzymes to the number of ligands in each 
3,793,445, all require at least one separate manipulative enzyme-bound-ligand complex. Here also, the complex 
step, such as filtering, centrifuging, or washing, to in- peptide structure of enzymes makes such control diffi- 
sure efficient separation of the bound-labeled form from cult It would again be expected that only a small num- 
the unbound-labeled form. The elimination of the sepa- ber of enzymes would have suitable molecular structure 
ration step would greatly simplify the assay and render 65 to ensure necessary control of the ligand/enzyme ratio, 
it more useful to the clinical laboratory. The prior art homogeneous assay method is stated to 

The use of radioactive materials in immunoassays has involve an enzyme amplification and thus to be highly 
been eliminated to some degree by the use of enzyme- sensitive. However, since the labeling substance. 
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namely the enzyme, is itself the limiting factor deter- thereof to one of which the reactant is coupled alters 
mining the sensitivity of the prior art assay method, the the activity of the reactant in the predetermined reac- 
versatihty of the method is severely restricted. The tion, which reaction thus serves as means for monitor- 
sensitivity is clearly limited to the catalytic activity of i ng the specific binding reaction. In view of this basic 
the particular enzyme in the enzyme-bound-ligand con- 5 phenomenon, various manipulative schemes involving 
jugate. The versatility of the prior art method is there- various test compositions and devices may be employed 
fore restricted not only by the coupling requirements in performing the method of the present invention. The 
for formation of a useful conjugate but also by the de- pre ferred fundamental manipulative schemes are the 
pendence of the sensitivity of the assay that employs direct binding technique ^ ^ co titive bindi 
such conjugate on the activity of the particular conju- 10 technique. y ^ 

e ^^. me ' i j- a . r.v In the direct binding technique, a liquid medium sus- 

An addition* disadvantage of the prior art homoge- pected of containing ^ e ligan q d ^ be q detected a £ 

neous assay method anses in its apphcation to the test- i*„**A « : * • • . L 

ing of biological fluids such as urine and serum. It is to So ^ ^ 

be expected that significant amounts of the enzyme 15 S^jL! f^L fu^T , r.u U8M4 ^ 

species comprised in the enzyme-bound-ligand conju- SSSTt th * v J^T* ° f J^ " 

gate may appear in the fluid sample to be tefted thereby ™T t c ° m P et j tlve * ndln S the ^ 

creating an uncontrollable background activity which / WUh * bmdin « 

would severely affect the accuracy of the assay method. llgand f d Wlth V™Wf comprising the reac- 

Therefore, in order to form an assay system that is use- 20 cou P led to ° ne ° r ^th of the hgand or a specific 

able in testing biological fluids of humans or animals, bmdmg *f?* thereof ' and the ™ fte / an V change in the 

exotic enzymes not endogenous to such fluids must be T ? of th * r u eactant 15 In both techniques, 

selected for use in forming the enzyme-bound-ligand T a ? tIvl j y of the reactant is determined by contacting 

conjugate with the result that the versatility of the assay * he liquid u m * dlum Wlth at lea s* one reagent which 

method is even further restricted. 25 orms ' Wlth the reactant » the predetermined monitoring 

It is therefore an object of the present invention to reactl0n - Qualitative determination of the ligand in the 

provide a novel test composition, device, and method hqmd medlum involves comparing a characteristic, 

for detecting a ligand in a liquid which do not require a usua «y th « ra *e, of the resulting reaction to that of the 

separation step and which do not employ inconvenient monitoring reaction m a liquid medium devoid of the 

radioactive materials or modified enzymes as the label- 30 h g and » an y difference therebetween being an indication 

ing substance. of a change in activity of the reactant. Quantitative 

Further, it is an object of the present invention to determination of the ligand in the liquid medium in- 

provide a homogeneous specific binding assay method solves comparing a characteristic of the resulting reac- 

and system which are more versatile and convenient tion to tnat °^ tne monitoring reaction in liquid media 

than those of the prior art. 35 containing known amounts of the ligand. 

Another object of the present invention is to provide ^h e monitoring reaction preferably is enzyme-cat- 
a homogeneous specific binding assay method and sys- alyzed. Usually, a monitoring reaction is selected which 
tern which employ a labeling substance which is capable is highly sensitive to the reactant in the conjugate. Lu- 
of being coupled to the ligand or to a specific binding minescent or fluorescent reaction systems are very use- 
partner thereof more conveniently than can the enzyme 40 m tms re gard. Particularly preferred are cyclic reac- 
of the prior art method. tion systems, especially those in which the reactant is 

A further object of the present invention is to provide tne cycled material. Of the preferred cyclic reaction 
a homogeneous specific binding assay method and sys- systems, those which are enzyme-catalyzed are particu- 
tem which employ a conjugate comprising a labeling larly advantageous. The reactant in the conjugate is 
substance whose activity is more readily affected by a 45 usually an enzymatic reactant, such as an enzyme sub- 
specific binding reaction than is the enzyme of the prior strate or, as is particularly preferred, a coenzyme, and 
art method. preferably has a molecular weight of less than 9000. 

It is also an object of the present invention to provide RR TFF nP<;rR iottoim nr twf nn a wiwr 

a homogeneous specific binding assay method and sys- BRIEF DESCRIPT *ON OF THE DRAWING 

tern which employ a conjugate comprising a labeling 50 FIG. 1 is a graphical representation of the effect of 

substance any change in the activity of which is more various levels of a ligand on the aggregate reaction rate 

conveniently detectable using a wide variety of sensi- in a direct binding-cycling assay technique, 

tive reaction systems than is any change in the activity FIGS. 2 and 3, respectively, are graphical representa- 

of the enzyme in the prior art method. tions of the effect of various levels of two different 

It is a further object of the present invention to pro- 55 ligands on the aggregate reaction rate in a competitive 

vide a homogeneous specific assay method and system binding-cycling assay technique, 

which are more readily applicable to the testing of bio- FIGS. 4 and 5, respectively, are graphical representa- 

logical fluids than those of the prior art. tions of the effect of various levels of two different 

SUMMARY OF THF nsJVFNTiOM ligands on the **** light intensit y produced in a com- 

SUMMARY OF THE INVENTION w petitiye binding-bioluminescence assay technique. 

The present invention provides a highly convenient, FIG. 6 is a graphical representation of the effect of 

versatile, and sensitive homogeneous specific binding various levels of a ligand on the net rates of two differ- 

assay method and system based on the use of, as labeling ent reactions, one enzyme-catalyzed and the other not, 

substance, a substance which exhibits given reactant in a direct binding-fluorescent assay technique, 

activity as a constituent of a predetermined reaction, 65 FIGS. 7 and 8, respectively, are graphical representa- 

such substance being referred to herein as the reactant. tions of the effect of various levels of a ligand on reac- 

The method is based, in part, on the fact that the reac- tion rates in two different competitive binding assay 

tion between a ligand and a specific binding partner techniques, one involving a fluorescent monitoring re- 
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action and the other involving a spectrophotometric to the ligand or a specific binding analo* of the lieand 

FIGS. 9 and 10, respectively, are graphical represen- gand. The specific binding partner is contacted Lbstan- 

totions of the effect of various levels of two different tially simultaneously with both ie cSS 55S 

ligands on the relative intensity of luminescence pro- 5 liquid medium. Since any ligand in the liquid medium 

ducedin direct and compemive binding-bioluminescent competes with the ligand or specific binding analog 

^rT iiTn^'i^ , u- . hereof in the conjugate for binding with the specific 
FIGS. 11 and 12. respectively, are graphical repre- binding partner, the activity of the conjugated reactant 
sentations of the effect of various levels of a ligand on on contact with the liquid medium varies directly with 
the peak light intensity produced in two different com- 10 the extent of binding between the ligand in the liquid 
petitrve bmdmg-chemUummescent assay techniques. medium and the specific binding partner. Thus, as the 
DESCRIPTION OF THE PREFERRED amount of the ligand in the liquid medium increases, the 
EMBODIMENTS activity of the conjugated reactant increases. To obtain 
. . quantitative results, the amount of the specific binding 
In the context of this disclosure, the following terms 15 partner contacted with the conjugate and the liquid 
shall be defined as follows: ligand is the substance, or medium is usually less than that capable of binding with 
group of substances, whose presence or the amount all of the ligand thought to be present in the liquid 
thereof in a liquid medium is to be determined; specific . medium and all of the ligand or ligand analog in conju- 
binding partner of the ligand is any substance, or group gated form in the time that the specific binding partner 
of substances, which has a specific binding affinity for 20 the conjugate, and the liquid medium are in contact 
the ligand to the exclusion of other substances; and prior to completion of the assessment of any change in 
specific binding analog of the ligand is any substance, or activity of the conjugated reactant In practice an 
group of substances, which behaves essentially the same amount of the specific binding partner is chosen accord- 
as the ligand with respect to the binding affinity of the ing to the above-mentioned criterion based on an esti- 
specific binding partner for the ligand. 25 mation of the largest amount of the ligand which is 
In general, the components of the specific binding likely to be present in the liquid medium. Usually, the 
reaction, i.e., the liquid medium suspected of containing amount of the ligand or ligand analog in conjugated 
the ligand, the conjugate, and/or a specific binding form which is contacted with the liquid medium does 
partner of the ligand, may be combined in any amount, not exceed the smallest amount of the ligand to be tested 
manner, and sequence, provided that the activity of the 30 for in the liquid medium. A competitive binding tech- 
reactant in the conjugate is measurably altered when nique is particularly useful in detecting ligands which 
the liquid medium contains the ligand in an amount or have specific binding partners that are larger than them- 
concentration of significance to the purposes of the selves. 

assay. Preferably, all of the components of the specific A variation of the competitive binding technique is 

binding reaction are soluble in the liquid medium, thus 35 the displacement binding technique wherein the conju- 

providing a homogeneous assay system. However, a gate is contacted first with the specific binding partner 

heterogeneous assay system wherein the conjugate or a of the ligand and thereafter with the liquid medium, 

specific binding partner of the ligand is insoluble may be Competition for the specific binding partner then oc- 

employed if desired. C urs. In such a method, the amount of the conjugate 

Where a direct binding technique is used, the compo- 40 contacted with the specific binding partner is usually 

nents of the specific binding reaction are the liquid that which comprises the ligand or analog thereof in 

medium suspected of containing the ligand and a quan- excess of that capable of binding with the amount of the 

tity of a conjugate comprising the reactant coupled to a specific binding partner present during the time that the 

specific binding partner of the ligand. The activity of conjugate and the specific binding partner are in 

the conjugated reactant on contact with the liquid me- 45 contact prior to contact with the liquid medium sus- 

dium varies inversely with the extent of binding be- pected of containing the ligand. This order of contact 

tween the ligand in the liquid medium and the specific may be accomplished in either of two convenient ways, 

binding partner in the conjugate. Thus, as the amount of In one method, the conjugate is contacted with the 

ligand in the liquid medium increases, the activity of the specific binding partner in a liquid environment prior to 

conjugated reactant decreases. To obtain quantitative 50 contact with the liquid medium suspected of containing 

results, the amount of the specific binding partner con- the ligand. In the second method, the liquid medium 

tacted with the liquid medium is usually in excess of that suspected of containing the ligand is contacted with a 

capable of binding with all of the ligand thought to be complex comprising the conjugate and the specific 

present in the liquid medium during the time that the binding partner, the specific binding substance in the 

conjugate and the liquid medium are in contact prior to 55 conjugate and the specific binding partner being revers- 

completion of the assessment of any change in activity ibly bound to each other. The amount of the conjugate 

of the conjugated reactant. In practice, an amount of the that becomes bound to the specific binding partner in 

specific binding partner is chosen according to the the first method, as well as the amount thereof which is 

above-mentioned criterion based on an estimation of the in complexed form in the second method, is usually in 

largest amount of the ligand which is likely to be pres- 60 excess of that capable of being displaced by all of the 

ent in the liquid medium. A direct binding technique is ligand in the liquid medium in the time that the specific 

particularly useful in detecting high molecular weight binding partner, or complex, and the medium are in 

ligands which have specific binding partners that are contact prior to the completion of the assessment of any 

smaller than themselves. change in the activity of the conjugated reactant. 

Where a competitive binding technique is used, the 65 Another variation of the competitive binding tech- 
components of the specific binding reaction are the nique is the sequential saturation technique wherein the 
liquid medium suspected of containing the ligand, a components f the specific binding reaction are the 
quantity of a conjugate comprising the reactant coupled same as those used in the competitive binding tech- 
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nique, but the order of addition or combination of the in the conjugate, which are necessary to provide the 
components and the relative amounts thereof used are selected enzyme-catalyzed reaction system, 
different. Following a sequential saturation technique, It is further contemplated that the enzyme-catalyzed 
the specific binding partner of the ligand is contacted reaction system may comprise a biochemical system as 
with the liquid medium suspected of containing the 5 complex as the metabolic system of a biological cell 
ligand for a period of time prior to the contact of said such as a microoganism. For example, a nutrient sub- 
liquid medium with the conjugate. The amount of the stance essential to the growth of a particular microor- 
specific binding partner contacted with the liquid me- ganism may be selected as the reactant in the conjugate, 
dium is usually in excess of that capable of binding with Any change in the activity of the reactant would cause 
all of the ligand thought to be present in the liquid 10 a change in a growth characteristic of the microorgan- 
medium in the time that the specific binding partner and ism when such microorganism would be placed in an 
the liquid medium are in contact prior to the time that environment wherein the only source of the reactant 
the liquid medium is contacted with the conjugate. nutrient substance is the conjugate. Thus, for example, a 
Further, the amount of the ligand or ligand analog in change in the rate of microorganism growth when con- 
conjugated form is usually in excess of that capable of 15 tacted with the specific binding reaction mixture would 
binding with the remaining unbound amount of the indicate the presence of the ligand therein, 
specific binding partner during the time that the liquid The appropriate reaction constituents which form, 
medium and the conjugate are in contact prior to the together with the reactant in the conjugate, the moni- 
completion of the assessment of any change in activity toring reaction may be contacted with the specific bind- 
of the conjugated reactant. In practice, the amounts of 20 ing reaction mixture singularly or in any combination 
the specific binding partner and of the ligand or ligand either prior to, simultaneous with, or subsequent to 
analog in conjugated form are chosen according to the initiation of the specific binding reaction. After initia- 
above-mentioned criterion by estimating the largest tion of the specific binding reaction, the reaction mix- 
amount of the ligand likely to be present in the liquid tore, which may include any or all of the necessary 
medium. 25 components for the monitoring reaction is usually incu- 

It is contemplated that manipulative schemes involv- bated for a predetermined period of time before asses- 

ing other orders of addition and other relative amounts sing any change in the activity of the reactant in the 

of the specific binding reaction components may be conjugate. After the incubation period, any components 

devised for carrying out a homogeneous specific bind- which are necessary for the monitoring reaction and 

ing assay without departing from the inventive concept 30 which are not already present in sufficient quantities in 

embodied herein. the reaction mixture are added thereto, and any effect 

The step of assessing any change in activity of the on the monitoring reaction is assessed as an indication of 

conjugated reactant as a constituent of the predeter- the presence or amount of the ligand in the liquid me- 

mined monitoring reaction is conveniently accom- dium. 

plished by contacting the specific binding reaction mix- 35 In the situation where the ligand is absent from the 
ture with at least one substance which forms with the liquid medium, or is present in an insignificantly small 
conjugated reactant, the monitoring reaction, and deter- amount, the predetermined monitoring reaction exhibits 
mining the effect of the specific binding reaction on a a relatively constant character. When the ligand is pres- 
characteristic of such reaction. The monitoring reaction ent in the liquid medium, at least one characteristic or 
may comprise a single chemical transformation or a 40 property of the monitoring reaction is altered. Gener- 
plurality or series of chemical transformations. Unless ally, the activity of the conjugated reactant is defined as 
otherwise specified, the term "reaction system" as used the extent or rate at which the reactant is capable of 
herein refers to the whole or a portion of the predeter- participating in the monitoring reaction. Thus, the char- 
mined monitoring reaction. acter of the monitoring reaction is altered by the pres- 
Where an enzyme-catalyzed reaction system is used, 45 ence of the ligand in the liquid medium, usually with 
it includes, in addition to the conjugated reactant, at respect to either the aggregate reaction rate thereof or 
least one enzyme and may include one or more enzy- the equilibrium quantity of one or more reaction prod- 
matic reactants such as substrates and coenzymes. Such ucts produced thereby. In the usual case, the ability of 
enzyme-catalyzed reaction system may comprise a sin- the conjugated reactant to participate in the monitoring 
gle simple enzymatic reaction or a complex series of 50 reaction is decreased upon reaction between the specific 
enzymatic and non-enzymatic reactions. For instance, binding substance to which it is conjugated and a spe- 
the enzyme-catalyzed reaction system may consist of a ciflc binding counterpart of such specific binding sub- 
single enzyme-catalyzed degradation or dissociation stance, that is, the conjugate in its free state is more 
reaction. In such a system, the conjugated reactant is active in the monitoring reaction than in its bound state, 
the enzyme substrate which undergoes degradation or 55 The relative amounts of free and bound conjugate pres* 
dissociation, and the only component of the reaction ent after the incubation of the specific binding reaction 
system necessary to be contacted with the specific bind- are a function of the amount of ligand in the liquid 
ing reaction mixture is an enzyme which catalyzes the medium and are determinative of the effect on the moni- 
degradation or dissociation reaction. A more complex toring reaction. 

enzyme-catalyzed reaction system may consist of a 60 When the change in the aggregate reaction rate of the 

single enzymatic reaction involving two or more reac- monitoring reaction is the characteristic used to deter- 

tants or may consist of a series of reactions involving mine the presence of the ligand, as is preferred, such 

several reactants, at least one of which reactions is en- rate is usually determined by measuring the rate of 

zyme-catalyzed. In such a system, the conjugated reac- disappearance of a reactant or the rate of appearance of 
tant would be one of the enzymatic reactants in the 65 a reaction product. Such measurement can be accom- 

enzyme-catalyzed reaction and the specific binding plished by a wide variety f methods including the 

reactions mixture w uld be contacted with the appro- conventi nal chromatographic, gravimetric, potentio- 

priate enzyme and reactant constituents, ther than that metric, spectrophotometric, fluorometric, turbidimet- 
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ric, and volumetric analysis techniques. Since the pres- 
ent method is primarily designed for the detection of 
low concentrations f ligands, highly sensitive reaction 
systems have been developed f r use in conjunction 
with the novel specific binding reaction system. 5 

One preferred form of the monitoring reaction in- 
cludes a luminescent reaction system, preferably en- 
zyme-catalyzed, such as a reaction exhibiting the phe- 
nomenon of bioluminescence or chemiluminescence. 
The reactant in the conjugate may be a reactant in ei- 10 
ther the light-producing reaction or a reaction which is 
preliminary to an enzymatic or non-enzymatic lumines- 
cent reaction. Any change in the activity of the conju- 
gated reactant resulting from the specific binding reac- 
tion causes a change in the rate of light production or in 13 
the total amount, peak intensity, or character of the 
light produced. Examples of luminescent reaction sys- 
tems are given in Table A in which the following abbre- 
viations are used: 
ATP— adenosine triphosphate 20 
AMP— adenosine monophosphate 
NAD— nicotinamide adenine dinucleotide 
NADH— reduced nicotinamide adenine dinucleotide 
FMN— flavin mononucleotide 

FMNH2— reduced flavin mononucleotide 25 
hv — electromagnetic radiation, usually in the infra- 
red, visible, or ultraviolet region 

TABLE A 



10 



Further details and discussion concerning lumines- 
cent reaction systems which may be used in the present 
method may be f und in the f 11 wing references: 

/ Biol Chenu 236:48(1961). 

/ Amer. Chenu Soc 89:3944(1967). 

Cornier et ah, Bioluminescence in Progress, ed. J hn- 
son et al. v Princet n University Press (New Jersey. 
1966) pp. 363-84. 

Kries, P. Purification and Properties o/Renilla Lucifer- 
ase, doctoral thesis University of Georgia (1967). 

Anu / PhysioL 41:454(1916). 

BioL Bull 51:89(1926). 

/ Biol Chenu 243:4714(1968). 

Another type of preferred, sensitive, monitoring re- 
action involves the phenomenon of fluorescence and is 
enzyme-catalyzed. In such a reaction system the reac- 
tant in the conjugate is a substrate in an enzymatic reac- 
tion which produces a product which has fluorescent 
properties that differ from those of the conjugated sub- 
strate. Any change in the activity of the conjugated 
enzymatic reactant resulting from the specific binding 
reaction causes a change in the fluorescent properties of 
the reaction mixture. A general reaction scheme for 
such an enzyme-catalyzed reaction system is as follows: 



Luminescent Reaction System 



Conjugated Reactant 



ATP + reduced luciferin^ 



►Hv + AMP + oxidized luciferin 



ATP or reduced luciferin 



FMNH 2 + longnchain aldehyde + O2 ( jffijjj^ > 

hv + FMN + long-chain acid + H2O 
(1) NADH + FMN + H® NADH dehydrogenase ^ NAp + pmj^ 



FMNH2 or long-chain 
aldehyde 



NADH or FMN 



(2) FMNH 2 + long-chain aldehyde + O2 X £j$^ > 
hi/ + FMN + long-chain acid + H2O 

D. sulfate 

(1) 3\5'-adenosine diphosphate + reduced luciferin sulfat e transferasc ^ 

adenosine-3'-phosphate-5'-phosphosulfatc + reduced luciferin 

(2) reduced luciferin + O2 ^hv + oxidized luciferin 



3'5'-adenoaine diphosphate 
or reduced luciferin 



reduced luminol 



reduced luminol + H2O2 P croxidase * > hv + oxidized luminol + H2O 
F reduced pyrogallol + H2O2 P*™«"«* > hy + oxidized pyrogallol + HjO ***** 



reduced luminol + O2 °* yBCTIflSC ^ hv + oxidized luminol 
reduced pyrogallol + Oi o^ff 1 " 86 ^ nv + oxidized pyrogallol 



lactoperoxidase 



■^hv + aniinophthalate + N2 



isoluminol + H2O2 



isoluminol + KO2 ^hv + aminophthalate + N2 



reduced luminol 
reduced pyrogallol 
isoluminol 
isoluminol 
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►product 



Derivative 



Formula 



fluorescein 



umbeiliferone 



3-indole 



£-naphthol 



3-pyridol 
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The following diagram illustrates a model of a cyclic 
reaction system: 



products A' 



wherein X is an enzyme-cleavable bond or linking 
group, such as an ester or amido group, and Z is a spe- 
cific binding substance which, depending upon the spe- 
cific binding reaction technique used, is the ligand, a 
specific binding analog of the ligand, or a specific bind- 
ing partner of the ligand. Specific conjugates which 
may be used in this type of reaction system are various 
enzyme-cleavable derivatives of fluorescein, umbeilifer- 
one, 3-indole, ji-naphthol, 3-pyridol, resorufin, rhoda- 
mine B, and so forth. Examples of possible structural 
formulas of such derivatives are as follows: 



REACTION A 



reactants A 



cycled material *s. reactants B 
(form 1) V/ 

I v REACTION B 

cycled material ^ products B 
(form 2) 



10 



cr 



In the above model cyclic reaction system, a small 
amount of cycled material, if provided with sufficient 
amounts of reactants A and B, will generate large 
amounts of products A and B. Since the rate and 
15 amount of product produced by the reactions constitut- 
ing the cyclic reaction system is highly sensitive to the 
amount of cycled material present, it is most preferred 
to use the cycled material as the reactant in the conju- 
gate of the present invention. Examples of cycling reac- 
20 tion systems contemplated for use in conjunction with 
the novel specific binding reaction system of the present 
invention are given in Tables B, C, and D. 



TABLE B 



25 



30 



35 



40 



45 



product A 




NAD* 



NADH* 



enzyme 



reactant B 



product B 



reactant A 



reaction product B 



enzyme 



reactant B 
or 

product A 



lactaldehyde 

a-ketoglutar- 
ate + NHj 
oxaloacetate 

acetaldehyde 

a-ketoglutar- 
ate + CO2 

dihydroxyace 
tone phos- 
phate 

pyruvate 

1,3-diphce- 
phoglycerate 



Jo : 



alcohol de- 
hydrogenase 
glutamic de- 
hydrogenase 
malic dehy- 
drogenase 
alcohol de- 
hydrogenase 
isocitric 
dehydrogen- 
ase 

a-glycerol 
phosphate 
dehydrogen- 
ase 

lactic dehy- 
drogenase 
glyceralde- 
hyde-3-phos- 
phate dehy- 
drogenase 



propanediol 

glutamate 

malate 

ethanol 

isocitrate 



L-a-glyccrol 
phosphate 



lactate 

glyceraldehyde 
-3-phosphate 
+ phosphate 



nicotinamide adenine dinucleotide 
♦•reduced NAD 



resorufin 




TABLE C 



55 



wherein R 1 is —OH or — X— Z (as defined above in this 
paragraph), R 2 is — X— Z, and R 3 is — H or — CH3. 

A reaction system which is particularly preferably for 
use in monitoring the novel specific binding reaction of 
the present invention is a cyclic or cycling reaction 
system. Such a reaction system is one in which a prod- 
uct of a first reaction is a reactant in a second reaction, 
which second reaction has as one of its products a sub- 
stance that is also a reactant in the first reaction. 



60 



65 



product A 



reactant A 



^enz^me^ 



NADP* 



NADPH 1 




reactant B 



product B 



reactant A 




reactant B 


or 




or 


reaction product B 


enzyme 


product A 


1 6-phospho- 


glucose-6- 


glucose-6- 


gluconate 


phosphate 


phosphate 




dehydrogenase 




2 oxidized 


glutathione 


reduced glu- 


glutathione 


reductase 


tathione 


3 benzoqui 


quinone 


bydroqui- 


none 


reductase 


none 
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TABLE C-continued 
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product A NADP" reactant B 

enzyme enzyme 5 

NADPH" product B 
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TABLE D-continued 



reactant A 



reactant A 
or 

reaction product B 



enzyme 



reactant B 
or 

product A 



nitrate 

a-ketoglu- 
tarate + NH3 



nitrate 
reductase 
glutamic 
dehydrogenase 



nitrite 
glutamate 



•nicotinamide idenine dinucleotide phosphite 
1 NADP 



10 



15 



20 



It should be noted that the cyclic reaction systems 
illustrated in Tables B and C comprise the combination 
of any one of the reactions listed in the respective tables 
with any other reaction listed therein. For example, 
reaction 1 in Table B may be paired with any one of 
reactions 2-8 to form a useful cyclic reaction system. 
Thus, Tables B and C represent respectively 56 and 20 25 
possible cyclic reaction systems for use in the present 
invention. 

In addition to the cyclic reaction systems represented 
in Tables B and C, it is contemplated that one of the 
reactions in the cyclic reaction system may involve the 
enzymatic or non-enzymatic conversion of a spectro- 
photometric indicator, preferably colorimetric. In such 
a system, any change in the reaction or cycling rate 
would be reflected in a change in the spectrophotomet- 
ric properties of the indicator. Using the preferred col- 
orimetric indicators such change would be a color 
change. An example of a cyclic reaction system involv- 
ing a conversion of an indicator is the system produced 
by combining one of the reactant B-product B reactions 40 
from Table B with a reaction comprising an oxidation- 
reduction indicator and an electron transfer agent. As 
electron transfer agent, phenazinemethosulfate may be 



used. Useful indicators include the oxidized forms of 
nitrotetrazolium, thiazoyl blue, and dichlorophenolin- 
dophenol 

TABLED 



reduced 
cytochrome C 



oxidized 
cytochrome C 

"ftivin mononucleotide 
deduced FMN 



cytochrome C 
reductase 



FMN° _ NADPH 

cytochrome C 
reductase 



FMNH 2 » 



NADP 



H2O2 <+Sy~ FAEK 



D-aminoacid 



y 

D-aminoacid D-aminoacid 
oxidase oxidase 

A. ^ 

O2 FADH2* a-ketoacid 

+ NHj 



a-ketoglutarmte 

1 

glutamate 
phosphate 



, *s v ^^ - ^ a-ajninoacid — - N> ^^ O2 

raosaminase L-aininoacid 
I oxidase 

— ^ a-ketoacid 



osine pyruvate 
phate kinase 



phosphoenol 
pyruvate 



triphosphate 



pyruvate 



'•denosine diphosphate 
^adeooiine triphosphate 



succinate 
+ GTP* 



coenzyme A 



succinic a-ketoglutarate 

thiokinase dehydrogenase 

phosphate succinyl 

+ GDP* coenzyme A 



Itetoglutarati 
ihydrogenaa 



a-ketoglu- 
tarate + NAD 



30 



35 



'guanosine t 
*guanosine diphosphate 



ascorbate 



dehydro- 
ascorbate 




dehydroascorbate 
reductase 



reduced 
glutathione 



NADH + CO2 



NADPH 



NADP 



oxidized 
glutathione 



45 



reduced 
glutathione 



50 



55 



60 



65 



ADP 



ATP 



H2O 



^^^0* ascorbate " N ^^"" °* 

sydroascorbate ascorbate 
reductase oxidase 

dehydro- \. 
ascorbate 

nucleoside . ' , 

lipho>ph«te Phosphoenol 
tonne pynivtle kints 



H 2 Q 



- oxaloacetate 



phosphoenol 
pyruvate 



oxidized 
cytochrome C 



cytochrome C 
peroxidase 



H2O2 



flavin adenine dinucleotide 
1 FAD 



reduced 
cytochrome C 



cytochrome C 
reductase 

-A. 



NADPH 



NADP 
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TABLE D-continued in * substance ma y **$o be followed using the reactant of 

the present invention as the labeling substance. 



nadph ^ femdoxin h 2 1116 present invention may be applied to the detection 

^N^ - * "*\/**"" °^ any ^8*"^ *° r wmcn there is a specific binding part- 

Y. Y 5 ner. The ligand usually is a peptide, protein, carbohy- 

nucieotWe^ucuse hydrogmase drate, glycopr tein, steroid, or other organic molecule 

. a for which a specific binding partner exists in biological 

A, ^y^^ systems or can be synthesized. The ligand, in functional 

nadp S f ^£* n H ® terms, is usually selected from the group consisting of 

' 10 antigens and antibodies thereto; haptens and antibodies 



thereto; and hormones, vitamins, metabolites and phar- 
In forming any of the cyclic reaction systems illus- macological agents, and their receptors and binding 
trated in Tables B, C, and D, where a component in the substances. Specific examples of ligands which may be 
reaction system is in an ionic form, it may of course be detected using the present invention are hormones such 
added in a salt or acid form which is ionizable upon 15 as insulin, chorionic gonadotropin, thyroxine, liothyro- 
contacting the liquid medium. A water soluble salt or nine, and estriol; antigens and haptens such as ferritin, 
acid of such component is usually preferred. bradykinnin, prostaglandins, and tumor specific anti- 

It is also contemplated that an exponential cyclic gens; vitamins such as biotin, vitamin B12, folic acid, 
reaction system may be included in the monitoring vitamin E, and ascorbic acid; metabolites such as 3', 5' 
reaction system. An example of an exponential cyclic 20 adenosine monophosphate and 3', 5' guanosine mono- 
reaction system is as follows: phosphate; pharmacological agents such as dilantin, 

digoxin, morphine, digitoxin, and barbiturates; antibod- 
• ies such as microsomal antibody and antibodies to hepa- 

AMP + atp mY ° inase > 2 adp titis and allergens; and specific binding receptors such 

25 as thyroxine binding globulin, avidin, intrinsic factor, 
adp + p E p pyruvate kinase >ATp + pyruvate and transcobalamine. 

In general, it is preferred that the conjugate comprise 
0 , t . A . . „ A . ^ , . . . the reactant coupled to the smaller of the ligand and its 

Such a cyclic reaction is autocatalytic in the sense that ldectod spe cif lc binding partner . It k to ^ a 

during each cycle the amount of cycled material is 3Q dirC ct bmding technique to detect me ligand where the 
doubled. The cycling rate therefore increases exponen- mo{eC u\ai wcight of ^ selected specific binding part- 
ually with time and affords a high degree of sensitivity. ner ^ about one>tenth that of the H d or less< ^ 
Further details and discussion relating to such 1 cyclic where ^ u d tQ ^ detccted b „ or a 

reactions may be found in J. Biol Chenu 247;3558-70 speciflc binding reccptor , it is pre ferred to follow a 
(1972). 35 d i rec t binding technique wherein the conjugate corn- 

Where a cyclic reaction system is used as a means of prises an enzymatic reactant coupled to an antigen or 
assessing any change m activity of the conjugated reac- haptan t0 thc ^body or a lower molecular weight 
tant, the rate of disappearance of a reactant or rate of binding partncr of ^ TeccptOT , where the molecular 
appearance of a reaction product can be determined by we i g ht of the selected binding partner is ten or more 
conventional techniques or by using one or more addi- 40 times larger than that of the ligand to be detected, as 
tional cycling systems followed by a conventional de- when M antigen, hapten, hormone, vitamin, metabolite 
termination of the aggregate reaction rate. or pharmacological agent is to be detected, it is particu- 

The use of a cyclic reaction system in conjunction fc^y advantageous to employ a competitive binding or 
with the specific binding reaction system provides a sequential saturation technique in which the conjugate 
high degree of assay versatility as well as sensitivity. A 45 comprises the reactant coupled to the smaller ligand. 
single reactant-specific binding substance conjugate In the conjugate ofthe present invention, the reactant 
may be used with a multiplicity of reactions to form coupled or bound to a specific binding substrate, 
cyclic systems which have sensitivities varying over a which is the ligand, a specific binding analog of the 
wide range and which provide a wide variety of re- ligand, or a specific binding partner of the ligand de- 
sponses detectable by the senses or artificial means. 50 pending upon the assay scheme selected, such that a 
Such versatility is lacking in the homogeneous enzy- measurable amount of activity of the reactant is re- 
matic assay system of the prior art. tained. The bond between the reactant and the specific 

While unnecessary in the preferred embodiment of binding substance is usually substantially irreversible 
the present invention, it may be desirable to employ a under the conditions of the assay such as where the 
heterogeneous assay technique even where the presence 55 monitoring reaction in which the reactant has activity is 
of the ligand in the liquid medium affects the activity of not designed to chemically destroy such bond as in the 
the conjugated reactant. Such a situation may present above-mentioned luminescent and cyclic reaction sys- 
itself where a heterogeneous system offers particular terns. However, in certain instances such bond is by 
convenience. Certain heterogeneous systems have the design destroyed or otherwise affected by the selected 
ability to increase the effective concentration of the 60 monitoring reaction as a means for assessing the change 
ligand in the assay system, thus increasing sensitivity. in reactant activity. Such a case is the enzymatic fluo- 
An example of such a heterogeneous system is that rescent substrate reaction systems referred to previ- 
which employs a column device containing an insoluble ously herein. 

matrix comprising either the conjugate of the present The reactant may be directly coupled to the specific 
invention or a specific binding partner of the ligand, 65 binding substance so that the molecular weight of the 
depending n the particular manipulative format se- conjugate is less than r equal t the aggregate molecu- 
lected. All other heterogeneous assay methods empl y- lar weight of the reactant and the specific binding sub- 
ing radio-labeled or enzyme-tagged materials as a label- stance. Usually, h wever, the reactant and the specific 
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binding substance are linked by a bridge group compris- 9000. the oreferred coenzyme* i , 

SZTZL'S! f an , d prefera „ b,y ^ 1 and ,0 - 3* f ^^^^^7^nl°LZt. 

carbon atoms or heteroatoms such as nitrogen, oxygen. elude the nucleotide co«wvm« ™L , i 

sulfur, phosphorus and so forth. Examples^ a brfdge co^ristag SSSSiSSR SZSSL S? 

group compnsing a smgle atom would be a methylene 5 phates (i.e the monV. and W-phoSe forS* 

group ( ne carbon atom) and an amino group (one nicotinamide adenine dinucleotide iTiTred^ed 

heter atom). The bndgegroup usually has a molecular forms, and nicotinamide adenme dSeSide nhof 

weight not exceedmg 1000 and preferably less than 200. phate and its reduced forms. Other Sr^vm^ 

The bndge group comprises a chain of carbon atoms or include the guanosine phSJJ^niSJSSS 

heteroatoms. or a comb,nat,on of both, and is joined to .0 tide and its reduced foL, flavin ad^tee dSSte 

the reactant and the specific binding substance, or ac- and its reduced forms, coenzyme A and taS^r! 

may be any substance winch has given (i.e. fixed or specific binding substaT.ce. ie VKgfnd a sjedfic bind! 

purposes of this disclosure, the terms "reacLr and JE* " 2£2 ^°J! 8h * ,1?** T^ 0 ' * b " dge 
"substance having reactant activity" refer to any chemi- 20 S c l u ^ whi^T' ^ c T a ^ 

cal substance which is capable of undergoing a finite nS.^ ch compnse an adenosine phos- 
measurable chemical transformation which yields one ^-T2SZJ£S-^^-7 ,tS fc redu u ced 
or more products different from itself and which results £7* %^ST^£^Z ^ lc0tlAt phos f h f ate 
upon interaction of said reactant with reaction-initiating ° „, J! redU0Cd tom ' haVe the followin 8 general for- 
means, such as a chemical substance (i.e. another reac- 25 
tant, a catalyst, or other type of material which partici- 
pates in such chemical transformation), electromagnetic R 1 — CH 2 r* 
radiation, thermal energy, or sonic energy. The class of 1 1 
substances defined herein as "reactants" therefore in- 
cludes convention inorganic and organic reagents and 30 
various biochemical materials, but excludes such mate- 
rials as catalysts, including enzymes, and radioactive 0H r2 
isotopes which are not reactants in the monitoring reac- oe e q 
tion. It will be recognized that while a particular chemi- | ? ? 
cal substance may be classified in several different 35 wheT «n R 1 ■* — o— p— o©, — o— p— o— p— be, 
catagories because it is able to function in several way & o o 
depending on its chemical environment, it is the activity 
of such substance with respect to the selected monitor- 
ing reaction referred to herein which shall govern 
which functional identity such substance shall have in 40 
the context of this disclosure. 

Preferably, the reaction is an enzymatic reactant such 
as an enzyme substrate, a coenzyme, or an active modi- O e <j> e 

fication or derivative thereof. An enzyme substrate is a -o-p-o-p-o-ch 2 r+* 

compound or moeity capable of undergoing a chemical 45 II II 

transformation that is catalyzed by an enzyme. Where a ° ° 

substrate is employed as the conjugated reactant, the 
preferred molecular weight thereof is less than 9000 and 

preferably less than 5000. Substrates of such size, be- oh oh 

cause of their lack of molecular complexity, are most 50 

convenient for use in the fabrication of the conjugate. O© 
Moreover, the activity of such substrates when coupled wherein R 2 is -oh or -o-p-o©- 

to a specific binding substance is readily affected by II 
reaction of the conjugate with a specific binding coun- ° 
terpart of such specific binding substance. Examples of 55 5 
enzyme substrates which are contemplated for use in NH2 R NH 2 

the present invention include the enzyme-cleavable Nn^A «NvA 

fluorescent substrates referred to previously such as wherein R 3 U R 5 — ^ || , } \ N 
fluorescein and umbelliferone derivatives; pH indica- ^ ^ 

tors; and spectrophotometric indicator dyes, particu- 60 | N | n 

larly chromogenic types. 

For the above reasons and for reasons of versatility 
and adaptability, coenzymes are especially preferred for ? mR5 ^"J 

use as the reactant in the conjugate. A coenzyme is a Nn^x*^ n^X^* ^ r5 

non-protein molecule which migrates from one enzyme 65 / ]| N A ]| N © 

protein t an ther in facilitating the efficient perfor- \ Jl J\ Jl J 

mance of the catalytic function of the enzyme. All F n F n 

known coenzymes have a molecular weight of less than 



0© 

1 


0© 0© 


p— 0— p— 0— p— 1 
000 




0© 
1 




— O— P— o- 

II 
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-continued 

NH 2 



R* 



10 



wherein R 4 is — , 



35 



20 



N»2 NH 2 



NH 2 

&6 



R 4 is-©N \ _ N \ 

CONH 2 CONH2 15 

wherein R* is -Y-Z; wherein Y is a bond or a bridge 
group; and wherein Z is a ligand, a specific binding 
analog of a ligand, or a specific binding partner of a 
ligand. The above formula represents the ionized forms 20 
of the coenzyme-active conjugate, however, the proto- 
nized or acid forms are equally useful. The extent of 
protonization depends on the pH of the environment. 
Also, the salts of such conjugates may also be used 
where appropriate. 25 

Synthesis of such compounds may be accomplished 
in a variety of ways. It is contemplated that the synthe- 
sis routes which are schematically illustrated below are 
advantageously followed in the preparation of the use- 
ful compounds. In the illustrated syntheses, the posi- 30 
tions on the adenine ring structure are referred to ac- 
cording to the following: 



Also, the following abbreviations are used; 



Rib refers to the 
ribose moiety, Le., 



Rib' refers to the phosphated 
ribose moiety, i.e., 



OH OH 
— CH 2 



OH P0 4 = 

Ph refers to a phosphate group; 

AP derivatives refers to derivatives of adenosine-5'- 
phosphate, i.e., the mono-(AMP), di-(ADP) t or 
tri-(ATP) phosphate form; 

NAD derivative refers to a derivative of either nico- 
tinamide adenine dinucleotide or a reduced form 
thereof; 

NADP derivative refers to a derivative of either 
nicotinamide adenine dinucleotide phosphate or a 
reduced form thereof; 

R refers to the specific binding substance or a modifi- 
cation thereof; and 

X refers to a leaving group, usually a halogen. 



l-position derivatives of AP 

^2 NH 2 



I N ? N 

HO-Rib HO-Rib 



Ne-CCH^-NH, ^ 



NH 2 

C N Yn Ne -(CH2h-NHR poa^so Q) 
S AS^J (Cri^hPO > 



I N 

HO— Rib 
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-continued 



NH 2 

N -(CHzh-NHR 



phosphoric acid/ y N 

NH 2 carbonyl u-./™ ' 



JL^ diimida 

00;-™" 



liimidazole H— (Phh— Rib 

NHR ADP derivative 



| ^ pyrophosphoric ""^ ^ 2 



H — Ph — Rib acid/carbonyl 
AMP derivative 



pyrophosphoric "v. i 
acid/carbonyl N . A m 

ditmidazoleW /P\\r\ N e -<CHah-NHR 

vL9j 



I N 
H — (Ph)3 — Rib 

ATP derivative 



I -position derivative of NAD 

NH 2 NH 2 
^V^CONH 2 1^ ^\.CONH 2 

Co; «3p;^w^Coj (cTpr"™" 0 "^^ 

Rib— Ph Ph— Rib Rib— Ph; Ph— Rib 

NAD 

NH 2 



Coj cTo r - <ch *- coir 

Nm N^ M S 



Rib— Ph Ph— Rib 

NAD derivative 

1 -position derivative of NADP 

NH 2 NH 2 

N©-CH 2 -C02H RNH 2 



^^\-CONH 2 JL ^~\^ CONH 2 JL 



^ I carbodiimide 
N ® N ^N^ 'f^N^ 



Rib— Ph Ph— Rib' Rib— Ph Ph— Rib' 

NADP 



NH 2 

Coj c^pr™" 

N© N^^ tki ^ 



Rib— Ph Ph— Rib' 



NADP derivative 



2-position derivatives of AP 

o a NH 2 

N N N n CI N n CI 



uric acid 
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-continued 

j^ 1 J* nh: 



(1) a-chlorotrwcctyl-C 7 ) 

ribofuranoside ^ 

(2) NH3/CH3OH ^ 

I N ~ "NHR 

Ag 



NH 2 



POOyHjO^S) 
(Cri 3 CH20) 3 PO > 

I N ~ "NHR 

HO— Rib 



N r 

»— J N NHR N NHR 

AMP derivative ""SETT" 

ADP derivative 

NH 2 

pyrophosphoric acid( 9 > 
carbonyt diimidazole 



J N NHR 

H— (Ph) 3 — Rib 
ATP derivative 



2-position derivative of NAD 
NH 2 



1 NH 2 
N>-^> N nicotinamide^ 0 ) ^^\.CONH 2 1 

H-Ph-Rib I® * N NHR 



AMP derivative 

2-position derivative of NADP 
NH 2 



Rib— Ph Ph— Rib 

NAD derivative 

NH 2 

nicotinamide^ ^ 



©PJL g& 0> <0CP1 say > 

f N ^NHR O) H2O N-^ n c«bodiim4 

H— Ph— Rib H— Ph— Rib' 

AMP derivative 



Rib— Ph— Ph— Rib' 



3-position derivatives of AP 

N«2 NH 2 



NADP derivative 

NH 2 



l ' "»i NH2 



(CH2)2-NH2 (CHzh-NHR 
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NH 2 NH 2 
Ns>^ N (l)a<hlorotriacctyl-< l3 > N^-^ M 
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poaj/H2oo«> ^ 



Ag (CH2h— NHR 



HO— Rib 



N 
I 

(CHjh— NHR 



N 
I 

H— Ph— Rib 



NH2 




op; 



phosphoric acid 
carbonyl 



(CHih-NHR 



AMP derivative 



pyrojphosphoric 
acid** 7 ) 

carbonyl diimidiTolt 



NH 2 




7' 

(CH^— NHR 
ADP derivative 



NH 2 



io!e ^> | N e 

H— fPM,— Rih I 




H-(Ph) 3 -Rib (CHjh - NHR 
ATP derivative 



3-position derivative of NAD 
NH 2 



H— Ph— Rib 

AMP derivative 



(CH2h— NHR 



nicotinamide* 18 * 
mononucleotide ^ 
dicyclohexyl- 
carbodiimide 



N« N^^ ^ S 



Rib— Ph— Ph— Rib 



N© 

(CH^— NHR 



NAD derivative 



3-position derivative of NADP 
NH 2 



I 

H-Ph-Rib 



N© 

(CH2h-NHR 



<ftd 2 > 

0) H2O 



N 
I 

H— Ph— Rib' 



AMP derivative 



NH 2 




op; 



nicotinamide^') 



N© 

(CHih— NHR 



loheayl- 



N» N^ VT ^ 



7° 1 

Rib— Ph Ph-Rib' 



(CH^— NHR 
NADP derivative 



exposition derivatives of AP 

NH— (CH2)6— NH 2 



RX y 



I N 
H— Ph— Rib* 2 ™ 
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-continued 

NH-(CH2)6"I^HR 



N 1^ ~ J"-< 

I N P ^ N J 

""aV^v.^ H-(Ph2)-Rib 
AMP denvadve ADP derivative 



NH"(CH2)6-NHR 



pyrophosphoric acid* 21 ) 
s c*ibonyl diimidarole NH— (CH^— NHR 



I N 

H— (Ph) 3 — Rib 
ATP derivative 



6-porition derivative of NAD 



^2 NH 2 



I I N 7® »j 



.1 I J® i N 

Rib-Ph Ph-Rib RiUph Ph-Rib 

NAD 

NH 2 



aCONH 2 1^ 
N N>k ^ 75* Cj 1 iir. > 



I I N 

Rib— Ph Ph— Rib 



N N^"^ VT > 



NH-(CH2)2-NH2 



jjwjjoL 
faenvarogenoSel^^^ 

CH3CHO 



I I N 

Rib— Ph Ph— Rib 



NH-(CH2>2-NH 2 NH-(CHj)2-NHCOR 



I T N 1 ® 1 N 

Ph Ph— Rib 

NAD derivative 



Rib-Ph Ph-Rib Rib-Ph Ph-Rib 



6-positkm derivative of NADP 

NH 2 

Na N^^ m S 



Rib— Ph Ph— Rib' 



NADP 

NH 2 

-CO2H (1) glucoae^-phcwphate 



NH 2 

N e N>^ M > 



I I N (3)ghitamate 

Rib— Ph— Ph— Rib' dehydrogenaae 



, D 4,383,031 

29 30 

-continued 

^ C,,™ NH-CH^CChH NH-CH 2 -CONHR 

Rib-Ph Ph-Rib' Rib-Ph Ph-Rib' 



NADP derivative 



8-position derivatives of AP 

NH 2 

N 

H 2 N-(CH2)6- 




I N 
H— (Ph) 3 — RibW 



8-position derivative of NAD 

NH 2 



ATP derivative 



^^^^[h2N--(CH2)6~NH— ^^^^^^ j* RHN-CCH^-HN^gfO | 

I* r ?* V^M 

Rib Ph Ph Rib^5) Rib Rh ph Ri'fe 

NAD derivative 

8-position derivative of NADP 

NH 2 nh 2 

N© N ' N© N^ N ^ (3)glutamate 

Rib-Ph ph-Rib- Rib-Ph Ph-Rib' dehydrogenase 

NADP 

NH 2 

N ffi N ^ 

Rib— Ph Ph— Rib' 

NADP derivative 



(1) glucose-6-pho3phate( 27 > 
dehydrogenase ■ 

(2) RNH 2 ; A 



9-position derivatives of AP 

7 Hj V*** H 2 N-(CH2)2 N«2 



l~ V"* n 2 «— 



adenine C H 2 



RHN-rcH^ NH 2 RHN-CCH^ NH 2 RHN— (CH^ NH 2 

J JL II I JL 

i^Ts^l N ?ifcs^W N e ' s K v ^^ v (1) a-chlorotriacetyl-< 31 > 

UPj (QCOj^ 82 ^ QO j ("X^oh . 
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RHN-(CHj)2 NHj 



N JL^-ZJ < CH 3cri20> 3 po > 



I N 

HO— Rib 



9-position derivative of NAD 



RHN— (CH2h NH 2 




<pjo; 



RHN-(CH 2 h NH 2 



, N 
H— Ph— Rib 

AMP derivative 



phosphoric acid ^ 
carbonyl diimidazole ^ 




(do; 



pyrophosphoric acid< 33 > 
carbonyl diimidazole 



H— (Phh— Rib 
ADP derivative 



RHN— (CH 2 )2 NH 2 
©Nn 



gco; 



H— (Ph) 3 -Rib 

ATP derivative H 



RHN— (CH^ NH 2 



J I RHN-(CH2)j ^2 

?NvX^ M mcotinamidef 34 ) ,CONH 2m l I 



H— Ph-Rib 

AMP derivative 



Rib— Ph Ph— Rib 



NAD derivative 



9-poaition derivative of NADP 
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•c ntinued 

HOMf* m RHN— (CHjh NH, RHN-^ NH, 

® N>,X^> N /lxll «, 3n ©Nn^^ v nicotinamide* 35 ) ^V^CONH 2 I 1 

H-Ph-Rib H-Ph-Rib* D | 8 0k _ I N 

Rib— Ph— Ph— Rib 

AMP derivative 

»*OuUft»»d. H. t et il., Chraitea Scripu 2:165 (1972). 6 VBllV0 

<*>Trayer, t. P., ct el„ Btocbem. J. 139409 (1974). 

<"Wlndmuelltr, H. O.. and Kaplan, N. O.. J. Biol Cham. 236:2716 (1961), 

<*>Lowe, C R. and Motbach, K., Eur. J. Btochem. 49:311 (1974). 

<S) Acheton, R. M., An Introduction to the Chemiitry of Heterocyclic Compound!, Intencience Publ. (New York 1962). d. 308. 

<*>Fucher. E. Ber. 300239 (1197). 

^ivoll et al., J. Chera. Soc.. 967 (1948). 

< ,J Ouilford, H., et al., tupra. 

Grayer, I. P., et al., tupra. 

(,m Hugbea, N. A., et ai. J. Chem. Soc., 3733 (1957). 

< n >Hughca, N. A..etat, lupra. 

(IJ> Litter. 1. H., in Advance* in Heterocyclic Chemistry, ed. K&britzky et al.. Academic Press (New York, 1966), p, 33. 

""Leonard, N. J., and Fujtt. T. J., J. Amer. Chen. Soc. 83:3719 (1963). 

< W) Fischer t E, supra. 

(,5) Davoll et al„ tupra. 

(l6) Ouilford. R, et al., tupra. 

<1T *Trayer, I. P., et al., tupra. 

<">Haahes. N. A., et al., tupra. 

"hughes, N. A., et al., tupra. 

Guilford, H., et al., tupra. 

^'^Trsyer, I. p M et al., tupra. 

^hVindmueller. H. O., and Kaplan. N. O., J. Biol. Chem. 2360716 (1961). 
<">Lowe. C. R., and Motbach, K., lupra. 
^^Trayer, I. P., et al., tupra. 

<»>Ue. C-Y, et al.. Arch. Btochem. Btophyt. 163:561 (1974). 

(W >Lee. C-Y. et a)., tupra. 

(J7 *Lowe. C R. and Motbach. R., tupra. 

* JI >Uonard. N. J., and Fujii, T. J., tupra. 

(W >LUter, J. H., tupra. 

(W> Flicher, E, tupra. 

( J1 >DivoU. et al., tupra. 

<M>Ouildford. H.. et al., tupra. 

(33> Traver, I. P.. et al., tupra. 

(M) Hughes, N. A„ et at., tupra. 

<">Hughet, N. A., et al., tupra. 

In addition to the compounds mentioned above, use* ful compounds. The abbreviations used hereinbef re 
ful coenzyme-active conjugates include the adenosine also apply to the illustration to follow, 
phosphates to which are coupled the specific binding 

substance through the phosphate grouping. Such com- , . . 

pounds have the following general formula: derivative* of ap 

HtN-CCH^-OH gfrWhy* 9 E?q > 0) 

XNH 2 
I n = 1-10 

J H 2 N-(CHa),-Bi-H-fi2^ 

V N 

I adenosine* 36 ) 

RHN-(CH2),-Ph-H j^^g^ |c > 

oe oe oe 50 

wherein R 1 is — O— P— O— R 2 , — O— P— O— P— O— R 2 or 
11 II II 

o o o 



oe oe oe 55 

III, i 



&9J 



— O—p- o— P— O— P— O— R 2 



RHN— (CH2)«-(Phh— Rib 



II 

0 0 0 ADP derivative 

wherein R 2 is — Y— Z; wherein Y is a bond or a bridge ^ /A ^ X pyrophotDhoric acid ^ (2) 

group; and wherein Z is a ligand, a specific binding 60 ^-(CH^-OH rnmnfmm ^ 
analog of a ligand, or a specific binding partner of a n . i_io 
ligand. Also, the protonized or acid forms, as well as the 

salt forms where appropriate, may be used. H 2 N- (CT2 ).-(Phh-H^ 

Synthesis of such compounds may be accomplished 65 
in a variety f ways. It is contemplated that the synthe- adenosine* 37 ) 

sis routes which are schematically illustrated bel w are _ /pki .. monopboaohate >^ 

advantageously f 11 wed in the preparation of the use- rhn— (chj). (Pnh H c^^ ^mSuole^ 
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derivatives of AP 



H 2 N-(CH2)«— OH 



RHN-(CH 2 ) n -(Ph)3-Rib 
ATP derivative 

phosphoric acid 




10 



(3) 



and amniotic, cerebral, and spinal fluids. Other materi- 
als such as solid matter, for example tissue, or gases may 
be assayed by reducing them to a liquid form such as by 
dissolution of the solid or gas in a liquid or by liquid 
extraction of the solid. 

In contrast to the prior art assay system, biological 
fluids containing substances which have reactant activ- 
ity similar or identical to that of the conjugated labeling 
substance may be assayed for the ligand without back- 
ground interference. Endogenous background reactant 
activity can be readily eliminated in several manners. 
The biological fluid can be treated to selectively de- 
stroy the endogenous reactant activity. Such treatment 
may involve the action of a clearing agent which chemi- 
cally destroys the endogenous activity followed by 
treatment to inactivate the destructive action of such 
clearing agent. 

For instance, reactant-degrading enzymes often ap- 
pear naturally in biological fluids, particularly if the 
reactant is a coenzyme such as NAD, NADP, or ATP. 
There are many inhibitors of such coenzyme-degrading 
enzymes, for example, chelating agents which operate 
to deprive the enzymes of essential metal ion activators. 
As a specific example, NAD-degrading enzymes are 
found in normal serum and have sufficient enzymatic 
activity to remove essentially all endogenous NAD 
activity from isolated serum within a few hours. The 
degrading activity of such enzymes may be effectively 
In one form of the present invention, the components 30 ^Wtod *> v addition of a chelating agent such as ethyl- 
of the specific binding reaction which are to be com- enediamine tetraacetic acid. Elimination of the degrad- 
bined with the liquid medium suspected of containing {no anf ™ tv mav o1c ~ K ~ U - U - A u ~ 



dicyclohexyl- 
carbodiimide 



RHN-(CH2)»-Ph-Rib 
AMP derivative 



NH 2 



15 



20 



25 



(3 *5Trmyer. I. P., et 
< J7 >Tr»yer. I. P., et al., supra. 



J. 139:609 (1974). 
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the ligand are in a liquid or solid form. In the preferred 
homogenous assay system, the components are usually 
in solution or in a solid form capable of ready dissolu- 
tion in the liquid medium. Since the liquid medium to be 
tested is normally aqueous in character, the comjponents 
are generally in a water soluble form, that is, either in 
aqueous solution or in a water soluble solid form such as 
a powder or resin. The assay method may be carried out 40 
in a standard laboratory vessel such as a tesf tube with 
the specific binding reaction components and the com- 
ponents of the reaction system being added thereto in 
solid or liquid form. 

It is also contemplated that one or more of the spe- 
cific binding reaction components and/or one or more 
of the components of the monitoring reaction may be 
incorporated with a carrier. In one aspect, the carrier 
may be a liquid-holding vessel such as a test tube or 
capsule containing such component or components in 
an interior portion thereof, for instance, in the form of a 
liquid or loose solid or a coating on an interior surface 
of the vessel. In another aspect, the carrier may be in the 
form of matrix which is insoluble and porous, and pref- 
erably absorbent, relative to the liquid medium to be 55 
tested. Such matrix may be in the form of bibulous 
papers; polymeric films, membranes, fleeces, or blocks; 
gels; and so forth. In such a form, the device would 
provide a convenient means for contacting the liquid 
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50 



ing activity may also be accomplished by adding a spe- 
cific enzyme inhibitor. For example, ATP-degrading 
enzymes may be inhibited by addition of fty methylene 
ATP or a0 methylene ATP. 

The present invention will now be illustrated, but is 
not intended to be limited, by the following Examples. 

EXAMPLE 1 

Preparation of nicotinamide 6-(2-aminoethylamino) 
purine dinucleotide. 

Two (2) grams of nicotinamide adenine dinucleotide 
(NAD) were dissolved in 10 ml of water and 0.6 ml of 
ethyleneimine was added dropwise, the pH being main- 
tained below 7 by the addition of 1 M perchloric acid. 
When addition of ethyleneimine was complete, the pH 
was adjusted to 4.5 and the reaction was incubated at 
20'-25* C. At 24 hour intervals 0.6 ml of ethyleneimine 
was added and the pH readjusted to 4.5. After 96 hours, 
the solution was poured into 10 volumes of acetone at 
— 10* C. The oil which formed was collected, washed 
with ether, and dissolved in approximately 50 ml of 
water in a flask. 

The resulting solution was adjusted to pH 7.0-7.5 
with 1 N sodium hydroxide, and 1 gram of sodium 
bicarbonate was added. Nitrogen was bubbled through 
the solution for from 4 to 5 minutes and 1 gram of so- 
dium hydrosulfite was added. The flask was sealed 
tightly and allowed to stand at room temperature for 45 



K iw*uw » wuTuuwui ujmiui iw w*juuu;uug me uq uiu uguuy euiu tuiuwca iu siana ai room temperature lor 4. 
medium to be tested, for carrying out the specific bind- 60 minutes. The solution was then oxygenated for 15 min 

in {7 reaction and/nr the mnnitnrinff rMntinn anH A%r ntM ahH orlitiefa^ * A «*u 111 : j _ 



ing reaction and/or the monitoring reaction, and for 
observing the resulting response. 

The liquid medium to be tested may be a naturally 
occurring or artificially formed liquid suspected of con- 
taining the ligand, and usually is a biological fluid or a 65 
liquid resulting from a dilution or ther treatment 
thereof. Biol gical fluids which may be assayed f Uow- 
ing the present method include serum, plasma, urine, 



utes and adjusted to pH 11.3 with sodium hydroxide. 
The solution was heated at 75* C. for 1 hour. Then the 
reaction mixture was cooled to room temperature and 
0.6 grams of tris-(hydroxymethyl>aminomethane was 
added, followed by 5 N hydrochloric acid to adjust the 
pH t 7.5. To the resulting soluti n was added 1000 
International units of alcohol dehydrogenase and 1 ml 
f acetaldehyde. The decreasing ptical density of the 
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reaction mature was monitored at 340 nm and when no incubate at room temperature for 5 hours and was then 

further decrease was observed, the pH was adjusted to poured into 10 ml of acetone at -10'^e ofl which 

i ?o-C ^ ^ Ur w mt °l° vo,umes ofa ff ton J e formed was separated, washed twice wk from 5 to 10 

Tl5 .u ! 011 formed was separated and ml of ether and dissolved in from 1 to 2 ml of water The 

rm\1f^lf er, ^ rW ^ Ch,tWMd ^" 10tO 5 -suiting material was purified iy eleTtropho^ 

The resulting solution was introduced into a 2.5x90 '^Sl If 

cm column of Sephade, G-10. available from Phar- 2 catTand^oth" £S Z 

maaa AB. Uppsala, Sweden, equilabrated whh water. anode. The latter band, which contaiS Uhe NAD-bio! 
fractions of 12 ml volume were collects Tie wave- 10 tin conjugate, was eluted with water and stored «- 3? 

length of maximum optical absorption in the ultraviolet c. zu 
region and the optical density at such wavelength were 

determined for each fraction. Also, the optical density EXAMPLE 3 

at 340 nm of each fraction after reduction with alcohol Prpn«r«ti rt « j* i » * 

dehydrogenase was determined. TTie fractions which 15 dinucleotide-2,4 

had an optical absorption maximum at 264 nm and had T?£ ,T/ ^ n £* r ~r w u 

a ratio of optical density at 340 nm to that at 264 nm J" J 6 ™* f ^^bicarbonate was dis- 

greater than 0.05 were pooled. The pooled material was ^^t^ZT*- 2 l m *° f m ?°^ 

concentrated to from 15 to 20 ml onVVotary evaporator ™* tS?^^ y ^^l fc l ~ *™«^ P re ' 

and passed through a 2.5x28 cm column of Dowex 20 SSS 5r^ P , ♦ - "S*! 8 J**? 1 WaS 

1-X8, available from Bio-Rad Laboratories, Richmond, ^ ded * of e 2? n61 contamm « 17 ^ of 2 > 4 duut ro- 

California, equilabrated with water. Additional water nuorob enzene. The reaction mixture was stirred at 

was added to wash the pooled material through the r °om temperature the dark for 5 hours after which 45 

column, and 10 ml fractions were collected. The frac- . ° f acet ? ne L at r ~ 10 C was thereto. The pre- 

tions which had an optical absorption maximum at 264 25 , r foTmed was ^P^ted, washed twice 

nm and had a ratio of optical density at 340 nm to that ~ ^ 1 „ of acetone ' and stirre d with 5 ml of water, 

at 264 nm greater than 0. 1 were pooled. yellow material which separated was puri- 

The pooled material was passed through a 5x45 cm f led °y dectrophoresis on Paper as in Example 1 for 5 

column of Dowex 50-X2, available from Bio-Rad Labo- h ° urs - band which moated toward the anode, and 

ratories, Richmond, Cahfornia, equilibrated with water. 30 wmcl J contained the NAD-2,4 dinitrophenyl conjugate, 

Additional water was added to wash the pooled mate- was eluted water » concentrated to from 3 to 5 ml, 

rial through the column and 20 ml fractions were col- and stored at ~ 20 * c * 

lected. The fractions which had an optical absorption EXAMPLE 4 

maximum at 264 nm and had a ratio of optical density at _ 

340 nm to that at 264 nm greater than 0. 18 were pooled. 35 reparation of biotin-umbeUiferone conjugate. 

The pooled material was concentrated to from 4 to 5 ml r A . rea ction mixture was formed by dissolving in 10 ml 

and purified by electrophoresis as follows. of dimethylformamide 100 mg of umbelliferone, 167 mg 

The concentrated material was applied to a sheet of of biotin ' md 141 m 8 of dicyclohexyl carbodiimide. The 

Whatman 3MM paper, available from Reeve Angel, reaction mixture was incubated at -18' C for about 4 

Clifton, New Jersey, in a 1 to 2 cm wide strip perpendic- 40 hours ' ihgn ove rnight at V C. and allowed to stand at 

ular to the direction of current flow. The paper was room temperature for from 3 to 4 hours. An additional 

then wetted with 0.02 M sodium phosphate at pH 6.0. 141 m 8 of dicyclohexylcarbcKiiimide was added and the 

Electrophoresis was conducted according to the Dur- reaction mixture was stirred at T C. for from 3 t 4 

rum hanging paper method, as described in Science hours 411(1 allowed to stand at room temperature qver- 

121:829(1955), for 4-7 hours with a potential gradient of 45 n *8 ht Tbe resulting precipitate was filtered off and 

about 8.5 volts/cm. The location of the desired pyridine discarded. To the filtrate was added 75 ml of ice water, 

nucleotide derivative was determined by fluorescence and the resulting mixture was incubated at 0* C. for 1 

developed after spraying a test strip of the paper with nour * J^e precipitate which resulted was filtered off 

0. 5 M sodium cyanide according to the procedure de- **** discarded. The filtrate was evaporated to dryness 
scribed in J. Biol Chenu 191:447(1951), The area con- 50 M d the residue dissolved in from 3 to 4 ml of methylene 
taming the desired derivative was cut out of the paper chloride. To the resulting solution was added 5 ml of 
and extracted with three (3) 50 ml volumes of water. diethylether. The resulting precipitate which comprised 
The resulting extracts containing nicotinamide 6-(2- the biotin-umbelliferone conjugate was filtered off, 
aminoethylamino) purine dinucleotide were pooled, dried, and stored at room temperature, 
concentrated to from 3 to 4 ml, and stored at -20' C. 55 EXAMPLE 5 

EXAMPLE 2 Effect of avidin and biotin on the enzymatic cycling 

Preparation of nicotinamide adenine dinucleotide- rft te of NAD and NAD-biotin conjugates. 

biotin conjugate. The cycling reaction system used in this Example was 

A 16 mg quantity of biotin was suspended in 1 ml of 60 based on the following reactions: 

water containing 22 mg of nicotinamide 6-(2-aminoe- 

thylamino) purine dinucleotide prepared as in Example lactic (,) 

1. A few drops of 0. 1 N sodium hydroxide was added to NAD ~ Ugand + ***** dehydrogenase "^ 

aid dissolution of the biotin. A 240 mg quantity of 1- NADH— Hgand + pyruvate 
cyclohexyl-3-(2-morpholmoethyl)K^bodiimide metho- 65 

p-tolulene sulf nate was added t the resulting soluti n nadh— ligmd + thiazolyl blue (oxidized) dU P horMC > (b) 

and brought into soluti n by dropwise addition of 0. 1 N NAD— ligaad + thiazolyl blue (reduced) 
hydrochl ric acid. The reaction mixture was allowed to 
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Eight specific binding reaction mixtures were prepared, 
each having a total volume of 0.5 ml and containing 0. 12 
M N,N bis-2-hydroxyethylglycine hydrochloride buffer 
at pH 7.8 and respectively containing the concentra- 
tions and activities indicated in Table 1 of NAD, NAD- 
biotin conjugate prepared as in Example 2, biotin, and 
avidin, which latter has an affinity for binding with 
biotin. One (1) unit of avidin activity is that quantity of 
avidin capable of binding 1 jig of biotin. The reaction 
mixtures were incubated at room temperature for from 
2 to 3 hours. Each reaction mixture was contacted with 
an aqueous enzyme/substrate mixture by the addition of 
0. 1 ml of 1 M lithium lactate, 0.05 ml of 10 mM thiazolyl 
blue in its oxidized form, and a sufficient quantity of 
0.12 M N,N bis-2-hydroxyethylglycine hydrochloride 
buffer at pH 7.8 containing 0.38 International units of 
bovine heart lactic dehydrogenase, and 1.5 Interna- 
tional units of porcine heart diaphorase to give a total 
reaction volume of 1 ml. The relative rate of production 
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as in Example 2. Six of the reaction mixtures also con- 
tained avidin in the amounts indicated in Table 2. 

The reaction mixtures were incubated at room tem- 
perature for from 2 to 3 h urs. Each reaction mixture 
was contacted with an aqueous enzyme/substrate mix- 
ture by the addition of 0. 1 ml of 1 M lithium lactate, 0.05 
ml of 10 nM thiazolyl blue in its oxidized form, and a 
sufficient quantity of 0.12 M N,N bis-2-hydroxyethylg- 
lycine hydrochloride buffer at pH 7.8 containing 0.38 
International units of bovine hearth lactic dehydro- 
genase and 1.5 International units of porcine heart di- 
aphorase to give a total reaction volume of 1 ml. The 
relative rate of production of the reduced form of thia- 
zolyl blue was then determined in each of the reaction 
mixtures by measuring the total change in the optical 
density in each thereof at 570 nm during a 24 minute 
period within the first hour after the addition of the 
enzyme/substrate mixture. The ratio, expressed as per- 
cent, of the change in optical density in each reaction 



y"i_ — ------- *: v. vTVr wm, ui me tmuige in optical aensuy in each reaction 

of the reduced from of thiazolyl blue was then deter- 20 mixture containing avidin to that in the reaction mixture 



mined in each of the reaction mixtures by measuring the 
total change in the optical density in each thereof at 570 
nm during a 24 minute period within the first hour after 
the addition of the enzyme/substrate mixture. The en- 
tire procedure was performed in duplicate and the aver- 25 
aged results appear in Table 1. 

TABLE 1 



not containing avidin was calculated and is referred to 
in Table 2 and FIG. 1 as the relative cycling rate. The 
results appear in Table 2 and in graphical form in FIG. 
1 of the drawing. 

TABLE 2 



reaction 


concentration of 
NAD (nM) 


concentration of 
NAD-biotin conju- 
gate (nM) 


concentration of 
biotin (nM) 


avidin activity 
(units) 


average increase in 
optical density 
(570 nm) 


1 










0.002 


2 


220 








0.103 


3 




360 






0.079 


4 






360 




0.003 


5 


220 






0.11 


0.103 


6 




360 




0.11 


0.025 


7 




360 


360 


0.11 


0.069 


8 








0.11 


0.001 



Reactions 1, 4, and 8 were controls and show that in 
the absence of NAD and the NAD-biotin conjugate 40 
essentially no cycling occurred. The results of reactions 

2 and 3 demonstrate that the NAD-biotin conjugate has 
a significant amount of coenzyme activity relative to 
native NAD. It can be seen from the results of reactions 

3 and 6 that the presence of avidin in the reaction mix- 45 
ture inhibits the formation of thiazolyl blue (reduced 
form) where the NAD present is conjugated with bio- 
tin. By comparing the results of reactions 6 and 7 it can 
be seen that the presence of free biotin reduces the 
amount of inhibition of thiazolyl blue (reduced form) 50 
formation in proportion to the concentration of biotin in 
the reaction mixture. 

It was thus demonstrated in this Example that the 
activity of the NAD in the NAD-biotin conjugate rela- 
tive to the cycling reaction system was decreased in the 55 
presence of avidin and that the magnitude of such de- 
crease in activity was reduced by the additional pres- 
ence of biotin. 

EXAMPLE 6 a 

Direct binding-cycling assay for avidin; effect of 
varying levels of avidin on the cycling rate. 

The cycling reaction system used in this Example was 
the same as that diagrammed in Example 5. Seven spe- 
cific binding reaction mixtures were prepared, each 65 
having at tal volume of 0.6 ml and each containing 0. 12 
M N,N bis-2-hydroxyethylglycine hydrochl ride buffer 
at pH 7.8 and 250 nM NAD-biotin conjugate prepared 



amount of relative 
reaction avidin added cycling 
mixture (units) rate (%) 



1 0.000 


100 


2 0.005 


96 


3 0.010 


93 


4 0.045 


84 


5 0.090 


68 


6 0.120 


51 


7 0.180 


8 



It was demonstrated in this Example that the relative 
cycling rate of the cycling reaction system, and thus the 
activity of the NAD in the NAD-biotin conjugate, was 
an inverse function of the amount of avidin present in 
the specific binding reaction mixture. The present in- 
vention therefore provides a test composition and 
method for quantitatively detennining the presence of 
the ligand avidin in a liquid medium using a direct bind- 
ing-cycling assay technique. 

EXAMPLE 7 

Competitive binding-cycling assay for biotin; effect 
of varying levels of biotin on the cycling rate. 

The cycling reaction system used in this Example was 
the same as that diagrammed in Example 5. Seven spe- 
cific binding reaction mixtures were prepared, each 
having a total volume f 0.45 ml and each containing 
0.12 M N,N bis-2-hydroxyethylglycine hydrochloride 
buffer at pH 7.8 and 180 nM NAD-bi tin conjugate 
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prepared as in Example 2. Six of the reaction mixtures, 
i.e. nos. 1 through 6 in Table 3, additionally contained 
0.11 units f avidin. Also, biotin, at the concentrati ns 
indicated in Table 3, was included in five of the six 
reacti n mixtures containing avidin, i.e. mixtures 2 
thr ugh 6 in Table 3. 

The reacti n mixtures were incubated at room tem- 
perature for from 2 . to 3 hours. Each reaction mixture 
was contacted with an aqueous enzyme/substrate mix- 
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chloride buffer at pH 7.8 and respectively c ntaining 
the amounts and concentrati ns indicated in Table 4 f 
NAD, NAD-2,4 dinitrophenyl conjugate prepared as in 
Example 3, antiserum to 2,4 dinitrophenyl, and nicotina- 
mide mononucleotide (NMN). The reacti n mixtures 
were incubated at room temperature for from 3 t 4 
hours. Each reacti n mixture was contacted with an 
aqueous enzyme/substrate mixture by the additi n of 
0.1 ml of 1 M lithium lactate, 0.05 ml of 10 mM thiazolyl 



ture by the addition of 0. 1 ml of 1 M lithium lactate, 0.05 10 blue in its oxidized form, and a sufficient quantity f 

ml of 10 mM thiazolyl blue in its oxidized form and a 0.12 M N,N bis-hydroxyethylglycine hydrochloride 

sufficient quantity of 0.12 M N,N bis-2-hydroxyethylg- buffer at pH 7.8 containing 0.38 International units of 

lycine hydrochloride buffer at pH 7.8 containing 0.38 bovine heart lactic dehydrogenase and 1.3 International 

International units of bovine heart lactic dehydrogenase units of porcine heart diaphorase to give a total reaction 

and 1.5 International units of porcine heart diaphorase 15 volume of 1 ml. The relative rate of production of the 

to give a total reaction volume of I ml. The relative rate reduced form of thiazolyl blue was determined in each 

of production of the reduced form of thiazolyl blue was of the reaction mixtures by measuring the total change 

then determined in each of the reaction mixtures by in the optical density in each thereof at 570 nm during a 

measuring the total change in the optical density in each 24 minute period within the first hour after the addition 

thereof at 570 nm during a 24 minute period within the 20 of the enzyme/substrate mixture. The entire procedure 

first hour after the addition of the enzyme/substrate was performed in duplicate and the averaged results 

mixture. The ratio, expressed as percent, of such change appear in Table 4. 

TABLE 4 



reaction 


concentration of 
NADOiM) 


concentration of NAD- 
2,4 dinitrophenyl con- 
jugate (nM) 


concentration of 
NMN(fiM) 


amount of 
antiserum 


average increase in 
optical density 
(370 nm) 


I 










0.005 


2 




290 






0.164 


3 


1.73 








0.608 


4 


1.73 




30 




0.699 


3 


1.73 






100 


0.273 


6 


1.73 




30 


100 


0.648 


7 




290 




100 


0.021 


8 




290 


30 


100 


0.037 



in optical density in each reaction mixture containing 
biotin to that in the reaction mixture not containing 
either biotin or avidin was calculated and is referred to 
in Table 3 and FIG. 2 as the relative cycling rate. The 
results appear in Table 3 and in graphical form in FIO. 
2 of the drawing. 

TABLE 3 





concentration 


relative 


reaction 


of biotin 


cycling 


mixture 


(nM) 


rate (%) 




0 


8 




80 


22 




160 


35 




320 


63 




400 


80 




800 


92 



EXAMPLE 8 
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It was demonstrated in this Example that the relative 
cycling rate of the cycling reaction system, and thus the 
activity of the NAD in the NAD-biotin conjugate, was 
a direct function of the amount of biotin present in the 55 
specific binding reaction mixture. The present invention 
therefore provides a test composition and method for 
quantitatively determining the presence of the Iigand 
biotin in a liquid medium using a competitive binding- 
cycling assay technique. 
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Direct binding-cycling assay for antibody to 2,4 dini- 
trophenyl and derivatives thereof. 

The cycling reaction system used in this Example was 65 
the same as that described in Example 5. Eight 0.6 ml 
specific binding reacti n mixtures were prepared, each 
containing 0.12 M N,N bis-hydroxyethylglycine hydro- 



Reaction 1 was a control and shows that in the ab- 
sence of NAD and the NAD-2,4 dinitrophenyl conju- 
gate essentially no cycling occurred. From the results of 
reaction 2 it is demonstrated that the NAD-2,4 dini- 
trophenyl conjugate is active in the enzymatic cycling 
system. The results of reactions 3 and 5 indicate that the 
presence of antibody to 2,4 dinitrophenyl inhibits the 
cycling of NAD. As shown by the results of reacti n 6, 
such inhibition is reversed by addition of NMN. From 
the results of reactions 3 and 4 it is seen that the cycling 
rate in the presence of NMN is about 15% greater than 
in its absence. This result is probably due to contamina- 
tion by extraneous NAD because other measurements 
have shown that NMN does not influence the cycling 
rate in the absence of antibody. Nevertheless, the antise- 
rum contains some activity with respect to NAD itself 
which activity is inhibited by the presence of NMN. 

It was thus demonstrated in this Example that the 
activity of the NAD in the NAD-2,4 dinitrophenyl 
conjugate relative to the cycling reaction system was 
decreased in the presence of antibody to 2,4 dinitrophe- 
nyl. The present invention therefore provides a test 
composition and method for determining the presence 
of the ligand antibody to 2,4 dinitrophenyl in a liquid 
medium using a direct binding-cycling assay technique. 

EXAMPLE 9 

Competitive binding-cycling assay for 2,4-dinitroben- 
zene and derivatives thereof; effect of various levels of 
N (2,4 dinitrophenyl)-6-aminocaproate on the cycling 
rate. 

The cycling reaction system used in this Example was 
the same as that diagrammed in Example 5. Seven spe- 
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cific binding reaction mixtures were prepared, each 
having a total volume of 0.6 ml and each containing 0, 12 
M N,N bis-hydroxyethylglycine hydrochloride buffer 
at pH 7.8, 300 nM NAD-dinitrophenyl conjugate pre- 
pared as in Example 3, and 50 /iM nicotinamide mono- 
nucleotide. Six of the seven reaction mixtures, i.e. nos. 1 
through 6 in Table 5, also contained an amount of anti- 
body to 2,4 dinitrophenyl sufficient to inhibit the cy- 
cling rate of the other reaction mixture by 85 percent. N 
(2,4 dinitrophenyl)-6-aminocaproate, a derivative of 2,4 
dinitrobenzene prepared by the method described in 
Biochenu / 42:287(1948), was also included in five of 
the six antibody-containing reaction mixtures, i.e. nos. 2 
through 6 in Table 5, at the concentrations indicated in 15 
said Table. 

The reaction mixtures were incubated at room tem- 
perature for about 4 hours. Each reaction mixture was 
contacted with an aqueous enzyme/substrate mixture 
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The bioluminescence reaction system used in this 
Example was based on the following reactions: 



5 NAD— ligand + ethanol 



alcohol ^ 
dehydrogenase ' 
NADH- 



(c) 



-ligand + acetaldehyde 



NADH— ligand + FMN* + H© NADH 



10 



^. (d) 

dehydrogenase ^ 

NAD— ligand + FMNH 2 



FMNH 2 + long-chain aldehyde + Ch luciferasc ^ 

„ . FMN + long-chain acid + HtO + hv 

•fUvtn mononucleotide 



A light-generating solution for carrying out reactions 
(d) and (e) was prepared as follows. A reagent mixture 
was prepared containing 0. 13 M phosphate buffer at pH 
— 7" T^TT ™*j miAiurc 7.0, 0.67 wt% bovine serum albumin, 15.7 uM flavin 

by he addmon of 01 ml of 1 M lithium lactate, 0.05 ml *> mononucleotide (FMN), and 13.JX ^unfacela^ 

and this mixture was stored in the dark at —20* C. An 
emulsion of 5 ul of dodecanal in 5 ml of water was 
prepared the day the light-generating solution was to be 



' — - " * ~* * 'BVMUt, V.UJ UU 

of 10 mM thiazolyl blue in its oxidized form, and a 
sufficient quantity of 0.12 M N,N bis-hydroxyethylgly- 
cine hydrochloride buffer at pH 7.8 containing 0.38 



- \ ° — w ^w^v-w ^ wojr uxc ii^ui-gcncraung solution was to be 

International units of bovine heart lactic dehydrogenase 25 used. Lyophilized luciferase extracted from Photobacte- 
and 1.5 International unite of nnrcinp he>nrt ^ianhAmi.. r,„L~-: t m _t_i - ... .. 



and 1.5 International units of porcine heart diaphorase 
to give a total reaction volume of 1 ml. The relative rate 
of production of the reduced form of thiazolyl blue was 
determined in each of the reaction mixtures by measur- 



rium fisheri (enzyme available from Worthington Bio- 
chemical Corp., Freehold, New Jersey) was added to 
0.013 M phosphate buffer at pH 7.3 to a concentration 
of 20 mg/ml. After 30 minutes the resulting suspension 



- / v * * v ***ev "'wt jw minutes me resulting suspension 

ing the total change in the optical density in each 30 was centrifuged at 1500 xg for 10 minutes and the pellet 



thereof at 570 nm during a 24 minute period within the 
first hour after the addition of the enzyme/substrate 
mixture. The ratio, expressed as percent, of such change 
in optical density in each reaction mixture containing N 
(2,4 dinitrophenyl)-6-aminocaproate to that in the reac- 35 
tion mixture containing neither N (2,4 dinitrophenyl)-6- 
aminocaproate nor antibody to 2,4 dinitrophenyl was 
calculated and is referred to in Table 5 and FIG. 3 as the 
relative cycling rate. The results appear in Table 5 and ^ 
in graphical form in FIG. 3 of the drawing. 

TABLE 5 



reaction 
mixture 


concentration of 
N (2,4 dinitrophenyl)- 
6-aminocaproate (nM) 


relative 
cycling 
rate(%) 




0 


16 




17 


19 




42 


30 




83 


35 




166 


41 




415 


76 



was discarded. The light-generating solution was then 
prepared within 5 minutes of use by combining 75 ul of 
the reagent mixture, 5 ul of the dodecanal emulsion, and 
20 /il of the luciferase solution. 

To detect the light produced by reaction (e) a pho- 
tometer was constructed consisting of a photodetector 
and a 6x50 mm cuvette mounted within a light inte- 
grating sphere such that light generated in the cuvette 
was reflected onto the photodetector. The electronic 
signal produced by the photodetector was passed to a 
strip chart recorder. The peak light intensity, as the 
term is used herein, was measured from the recorder 
trace and assigned arbitrary units based on the chart 
45 paper divisions. 

Nine specific binding reaction mixtures were pre- 
pared, each having a total volume of 0.2 ml and each 
containing 0.1 M tris-(hydroxymethyl>aminomethane 
hydrochloride buffer at pH 8.0, 0.01 M semicarbazide 
50 hydrochloride, and respectively the amounts or concen- 
trations indicated in Table 6 of ethanol, NAD, NAD- 
biotin conjugate prepared as in Example 2, biotin, and 
avidin. The reaction mixtures were incubated at room 
temperature for 10 minutes. Then, 0.025 International 



It was thus demonstrated in this Example that the 
relative cycling rate of the cycling reaction system, and icmpcrwurc ior iv minutes, men, U.UZ5 Internationa 
thus the activity of the NAD in the NAD-dinitrophenyl 55 units of alcohol dehydrogenase was added to each reac 



conjugate, was a direct function of the amount of N (2,4 
dimtrophenyl)-6-aminocaproate present in the specific 
binding reaction mixture. The present invention there* 



tion mixture to initiate a reduction reaction. Semicarba- 
zide combines with the acetaldehyde produced in reac- 
tion (c) to form a semicarbazone and thus to drive reac- 



~" I »*«w*v uw» \—J »v iviui f» OblUlVOI UO&UUC 

fore provides a test composition and method for quanti- ^ tion (c) in the desired direction. 

tativelv rWprminincy tht> nrMAtiro r»f iUa \i nn ~A xi /"> a -ru~ - *: 



tatively determining the presence of the ligand N (2,4 
dmitrophenyl)-6-aniinocaproate in a liquid medium 
using a competitive binding-cycling assay technique. 

EXAMPLE 10 

Direct bmdmg-bioluminesence assay for avidin; ef- 
fect of presence of biotin on the peak light intensity 
produced. 



65 



The reaction mixtures were incubated at room tem- 
perature for about 30 minutes. A 10 jxl volume of each 
reaction mixture was then injected into a separate cu- 
vette mounted in the photometer previously described 
and containing 100 pi of the previously prepared light- 
generating solution which had been pre-incubated at 
28° C. for from 2 to 3 minutes. The results appear in 
Table 6. 
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TABLE 6 



reaction 


concentration of 
ethanol (M) 


vwnccn uiuon oi 
NAD fnMl 


concentration of 
r»</\u-oioun con- 
jugate (nM) 


concentration 
oi Diotin (nM) 


avidin 
activity 
(units) 


peak light 
intensity 


| 




375 








2 


2 


0.6 


375 








136 


3 


0.6 


375 






0.054 


140 


4 






343 






2 


5 


0.6 




343 






56 


6 


0.6 




343 




0.054 


15 


7 






343 


200 


0.054 


5 


8 


0.6 




343 


200 


0.054 


32 


9 


0.6 




343 


200 
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Reactions 1, 4, and 7 were controls and show that in 
the absence of ethanol essentially no reaction occurred. 
The result from reaction 5 demonstrates that the NAD- 
biotin conjugate is active in the bioluminescence reac- 
tion system. It can be seen from the results of reactions 
5 and 6 that the presence of avidin in the reaction mix- 
ture inhibits the amount of light produced. From a com- 
parison of the results of reactions 6 and 8 it is seen that 
the presence of free biotin reduces the amount of inhibi- 
tion of light production as the concentration of biotin 
increases in the reaction mixture. Reactions 2 and 3 
demonstrate that avidin does not inhibit the activity of 
free NAD and reactions 5 and 9 show that the presence 
of biotin alone does not affect the activity of the NAD- 
biotin conjugate. 

It was thus demonstrated in this Example that the 
activity of the NAD in the NAD-biotin conjugate rela- 
tive to the bioluminescense reaction system was de- 
creased in the presence of avidin and that the magnitude 
of such decrease in activity was reduced by the addi- 
tional presence of biotin. 

EXAMPLE 11 

Competitive binding-bioluminescence assay for bio- 
tin; effect of varying levels of biotin on the peak light 
intensity produced. 

The bioluminescence reaction system used in this 
Example was the same as that diagrammed in Example 
10. Seven specific binding reaction mixtures were pre- 
pared, each having a total volume of 0.2 ml and each 
containing 0.1 M tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 8.0, 0.6 M ethanol, 0.01 M 
semicarbazide hydrochloride, 343 nM NAD-biotin con- 
jugate prepared as in Example 2, 0.025 International 
units of alcohol dehydrogenase, and 0.055 units of avi- 
din. Biotin was added to six of the seven reaction mix- 
tures, i.e. nos. 2 through 7 in Table 7, in the concentra- 
tions indicated in said Table. The order and manner of 
addition was the same as in Example 10. 

The reaction mixtures were incubated at room tem- 
perature for about 30 minutes. A 10 jjJ volume of each 
reaction mixture was injected into a separate cuvette 
mounted in the photometer described in Example 10 
and containing 100 u.1 of a light-yielding solution pre- 
pared in the manner described in Example 10 and pre- 
incubated at 28* C. for from 2 to 3 minutes. The entire 
procedure was run in duplicate, and the averaged re- 
sults appear in Table 7 and in graphical form in FIG. 4 
of the drawing. 

TABLE 7 

average 

reaction concentration of peak light 
mixture biotin (nM) intensity 

1 0 36 



TABLE 7-continued 



reaction 




average 


concentration of 


peak light 


mixture 


biotin (nM) 


intensity 


2 


25 


44 


3 


50 


57 


4 


too 


79 


5 


150 


90 


6 


200 


97 


7 


300 


104 



It was thus demonstrated in this Example that the 
magnitude of the peak light intensity produced by the 
bioluminescence reaction system, and thus the activity 
of the NAD in the NAD-biotin conjugate, was a direct 
function of the amount of biotin present in the specific 
binding reaction mixture. The present invention there- 
fore provides a test composition and method for quanti- 
tatively determining the presence of the ligand biotin in 
a liquid medium using a competitive binding-biolu- 
minescence assay technique. 

EXAMPLE 12 

Competitive binding-bioluminescence assay for 2,4 
dinitrobenzene and derivatives thereof; effect of various 
levels of N (2,4 dinitrophenyl)-6-aminocaproate on the 
peak light intensity produced. 

The bioluminescence reaction system used in this 
Example was the same as that diagrammed in Example 
10. Seven specific binding reaction mixtures were pre- 
pared, each having a total volume of 0. 1 ml and each 
containing 0.1 M tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 8.0, 0.01 M semicarbazide 
hydrochloride, 0.6 M ethanol, 35 u-M nicotinamide 
mononucleotide, and 367 nM NAD-dinitrophenyl con- 
jugate prepared as in Example 3. N (2,4 dinitrophenyl> 
6-aminocaproate was added to six of the seven reaction 
mixtures, i.e. nos. 2 through 7 in Table 8, at the concen- 
trations indicated in said Table, and to each of said six 
reaction mixtures was also added an amount of antibody 
to 2,4 dinitrophenyl sufficient to reduce the peak light 
intensity produced to 39% of that produced in the ab- 
sence of N (2,4 dinitrophenyl)-6-aminocaproate and 
antibody to 2,4 dinitrophenyl. 

The reaction mixtures were incubated at room tem- 
perature for 3 hours. Then, 0.025 International units of 
alcohol dehydrogenase was added to each reaction 
mixture to initiate a reduction reaction. The reaction 
mixtures were then incubated at room temperature for 
about 30 minutes. A 10 jtl volume of each reacti n 
mixture was injected into a separate cuvette mounted in 
the photometer described in Example 10 and containing 
100 ftl of a light-generating solution prepared in the 
manner described in Example 10 and pre-incubated at 
28* C. for from 2 t 3 minutes. The entire procedure 
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was run in duplicate, and the averaged results appear in 
Table 8 and in graphical form in FIG. 5 of the drawing. 



t 



TABLE 8 




concentration of 


average 


reaction 


N (2,4 dinitrophenyl)- 


peak light 


mixture 


6-axninocaproate (jiM) 


intensity 




0.00 


14 




0.125 


17 




0,25 


20 




0.50 


22 




0.75 


24 


6 


t.00 


27 


7 


1.50 


28 



It was thus demonstrated in this Example that the 
magnitude of the peak light intensity produced by the 
bioluminescence reaction system, and thus the activity 
of the NAD in the NAD-2,4 dinitrophenyl conjugate, 
was a direct function of the amount of N (2,4 dinitro- 
phenyI)-6-aminocaproate present in the specific binding 
reaction. The present invention therefore provides a 
test composition and method for quantitatively deter- 
mining the presence of the ligand N (2,4 dinitrophenyl)- 
6-aminocaproate in a liquid medium using a competitive 
binding-bioluminescence assay technique. 

EXAMPLE 13 

Specific binding assays for biotin and avidin employ- 
ing an enzyme substrate as labeling substance. 

The specific binding assay system used in this Exam- 
ple was based on the following reaction: 



o 
II 



HN 



NH 



0-C-(CH 2 )4- 



H 2 0, 
pH 8.0 



umbelliferone-biotin conjugate 
(maximum fluorescence at 378 nm) 




(maximum fluorescence at 448 nm) 



signal produced by the fluorometer was passed to a strip 
chart recorder, and the amount of fluorescence pro- 
duced per minute was measured from the recorder trace 
and assigned arbitrary units based on the chart paper 
divisions. The results appear in Table 9. 



25 



30 



35 



biotin 



50 



55 



60 



Ten specific binding reaction mixtures were pre- 
pared, each having a total volume of 0.3 ml and each 
containing 0.1 M tris-(hydroxymethyI)-aminomethane 
hydrochloride buffer at pH 8.0 and the respective 
amounts or concentrations of umbelliferone-biotin con- 
jugate prepared as in Example 4, biotin, and avidin 
indicated in Table 9. The reaction mixtures were incu- 
bated at room temperature for from 1 to 3 minutes. 
Reaction mixtures nos. 2 through 10 in Table 9 each also 
contained 0.26 International units of bovine liver car- 
boxylate hydrolase (esterase). The relative reaction rate 
in each of the reaction mixtures was then determined by 
monitoring the fluorescence produced by each thereof 65 
at 448 nm with a Model 1 1 1 Turner fluorometer (avail- 
able from G. K. Turner Assoc., 2524 Pulgas Street, Palo 
Alto, Calif.) set for excitati n at 364 nm. The electronic 



TABLE 9 



concentration 
of umbelli- 



10 



15 



20 





ester- 


ferone-biotin 


concentra- 


avidin 


change in 


reac- 


ase 


conjugate 


tion of bio- 


activity 


fluorescence/ 


tion 


(I.U.) 


(nM) 


tin (nM) 


(units) 


min. 






730 






0.000 




0.26 


365 






0.077 




0.26 


730 






0.145 




0.26 


730 




0.0022 


0.103 




0.26 


730 




0.022 


0.058 


6 


0.26 


730 




0.055 


0.000 


7 


0.26 


730 




0.033 


0.027 


8 


0.26 


730 




0.033 


0.026 


9 


0.26 


730 


670 


0.033 


0.057 


10 


0.26 


730 


1340 


0.033 


0.115 



40 
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Reaction 1 was a control and shows that in the ab- 
sence of esterase no reaction occurs. The results of 
reactions 2 and 3 demonstrate that the umbelliferone- 
biotin conjugate was active in the enzymatic reaction, 
and comparing such results to those of reactions 4 
through 8 demonstrates that the presence of avidin 
inhibits the reaction rate in proportion to the amount of 
avidin in the reaction mixture. Comparing the results of 
reactions 8, 9, and 10 shows that the amount of inhibi- 
tion of the reaction rate by avidin is a direct function of 
the amount of biotin present in the reaction mixture. 

It was thus demonstrated in this Example that the rate 
of fluorescence produced by the esterase reaction, and 
thus the substrate activity of the umbelliferone-biotin 
conjugate, was decreased by the presence of avidin and 
that the magnitude of such decrease in activity was 
reduced by the presence of biotin. The present inven- 
tion therefore provides a test composition and method 
for determining the presence of the ligands biotin and 
avidin in a liquid medium using a specific binding assay 
technique employing an enzyme substrate as the label- 
ing substance. 

EXAMPLE 14 

Preparation of 2,4-dinitrophenyl-fluorescein conju- 
gate. 

Fluorescein-3'-[6-(2,4-dinitroanilino)hexanoate]. 

The synthesis basically involved the reaction of the 
acid chloride of 6-(2,4-dinitroanilino)hexanoic acid with 
the disodium salt of fluorescein. 6-(2,4-dinitroanilino) 
hexanoic acid was prepared by the method described in 
Biochem. J. 42:287-94(1948). 

A solution of 1.5 g (5 mmol) of 6-(2,4-dinitroanilino) 
hexanoic acid was converted to the acid chloride by 
reaction with 10 ml of warm thionyl chloride for IS min 
followed by cooling and dilution with 20 ml of hexane. 
The solid acid chloride which formed was collected by 
filtration and after thorough drying was added to 600 
mg of the disodium salt of fluorescein in 10 ml of dry 
acetone. After 5 hr at reflux, the reaction was quenched 
by the addition of 2 ml water and 5 ml acetone. After 30 
min at 25* G, the mixture was concentrated to dryness 
and the residue partitioned between ethyl acetate and 
aqueous sodium bicarbonate solution. The organic 
phase was separated and washed with 1% aqueous sul- 
furic acid, dried over anhydrous magnesium sulfate and 
evaporated. The red oil was chromatographed on 60 g 
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10 



of silica gel 60, available from E. Merck, Darmstadt, 
Germany, with 20% (v/v) acetone in carbon tetrachlo- 
ride as eluant The 1.2 g f impure bb-ester was re- 
chromatographed n 60 g of silica gel using 10% (v/v) 
acetone in carbon tetrachl ride. Appropriate fracti ns 
were combined and evaporated t yield 180 mg fa 
yellow, glassy solid.. 

Calculated for C44H38N 6 Oi5:Q59.33; H.4.30; N.9.43 
Found: Q60.92; H.4.35; N.6.65. 

The infrared spectrum displayed the expected ester 
carbonyl stretching absorption at 1765 cm- 1 . 

EXAMPLE IS 

Specific binding assays for derivatives of 2,4-dini- 
trophenyl and antibody thereto employing an enzyme 
substrate (modified fluorescein) as labeling substance. 

The specific binding assay systems used in this Exam- 
ple was based on the reaction shown in Diagram 1. 

A. Direct binding-fluorescent assay for antibody to 
2,4-dinitrophenyl; effect of various levels of antibody on 
the reaction rate. 

Seven specific binding reaction mixtures were pre- 25 
pared and analyzed. For each reaction mixture, 20 jil of 
1 fiM 2,4-dinitrophenyl-fluorescein conjugate (prepared 
according to Example 14) in dimethylsulfoxide was 
combined with a volume of antiserum to 2,4-dinitrophe- 
nyl as indicated in Table 10 and with a sufficient volume 
of 0.1 M bis-hydroxyethylgiycine hydrochloride buffer 
at pH 7.0 to make a total volume of 2.0 ml. The back- 
ground rate of hydrolysis of the ester linkage in the 
conjugate was determined for three minutes for each 35 
reaction mixture by determining the rate of increase of 
fluorescence intensity at 510 nm using the general tech- 
nique described in Example 13 with the fluorometer set 
for excitation at 470 nm. 
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A 10 fil volume of 0.1 M bis-hydroxyethylglycine hy- 
drochloride buffer at pH 7.0 containing 0.54 units f 
Type I esterase (E.C. No. 3.1.1.1, obtained from Sigma 
Chemical Co., St. Louis, Mo.) was then added t each 
reaction mixture. The resulting overall reaction rate 
was measured in the same manner as the background 
hydrolysis rate. The results appear in Table 10. The 
background hydrolysis rate was substrated from the 
overall reaction rate to obtain the net reaction rate 
attributable to the esterase-catalyzed reaction. The rela- 
tionships between both the net enzyme-catalyzed reac- 
tion rate and the background alkaline hydrolysis reac- 
tion rate and the amount of antiserum present in the 
reaction mixture is shown in graphical form in FIO. 6 of 
the drawing. 



30 



TABLE 10 




amount of 


background 


overall 


reaction 


antiserum 


hydrolysis 


reaction 


mixture 


Oil) 


rate 


rate 




0 


0.02 


2.68 




3 


0.07 


2.48 




10 


0.11 


1.91 




20 


0.17 


1.08 




30 


0.21 


0.63 




40 


0.22 


0.43 




60 


0.26 


0.30 



at 310 nm) 



It was demonstrated in this part of the Example that 
the net reaction rate of the hydrolysis reaction was an 
40 inverse function of the amount of antibody to the li- 
gand, 2,4-dinitrophenyl, present in the specific binding 
reaction mixture. It was likewise demonstrated that the 
reaction rate of the background hydrolysis reaction was 
a direct function of the amount of antibody present in 
43 the specific binding reaction mixture. The present in- 
vention therefore provides a test composition and 
method for determining the presence of the ligand anti- 
body to 2,4-dinitrophenyl in a liquid medium using a 
direct binding-fluorescent assay technique. 
50 B. Competitive binding-fluorescent assay for deriva- 
tives of 2,4-dinitrophenyl; effect of various levels of 
2»4-diiutrophenyl-£-alaiiine on the reaction rate. 

Ten specific binding reaction mixtures were pre- 
pared, each having a total volume of 2.0 ml and each 
35 containing 0.1 M bis-hydroxyethylglycine hydrochlo- 
ride buffer at pH 7.0 and 2,4-dinitrophenyl-)3-alanine, 
prepared according to the method described in / Amen 
Chem. Soc 76:1328(1954), at the concentrations indi- 
cated in Table 1 1. To nine of the ten reaction mixtures, 
60 i e. nos. 2 through 10 in Table 11, was added an am unt 
of antiserum to 2,4-dinitrophenyl sufficient to inhibit the 
rate of the esterase-catalyzed reaction in the other mix- 
ture, i.e. no. 1, by 60 percent After mixing, 20 pi of 1 
pM 2,4-dinitrophenyl-fluorescein conjugate (prepared 
65 as in Example 14) in dimethylsulfoxide was added to 
each reaction mixture. A 10 pi v lume f 0.1 M bis- 
hydr xyethylglycine hydrochloride buffer at pH 7.0 
containing 0.54 units f Type I esterase (E.C. No. 
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3.1.1.1, obtained from Sigma Chemical Co., St. Louis, 
Mo.) was then added to each reaction mixture. The 
resulting reaction rate was measured as in Part A of this 
Example. The percentage value of the rate of reactions 
nos. 2 through 10 to that of reaction no. 1 (no antibody 
present) was calculated. The results appear in Table 1 1 
and in graphical form in FIG. 7 of the drawing. 



TABLE 11 


reaction 


concentration of 




percent of 


2,4-dinitrophenyl- 


reaction 


rate of reaction 


mixture 


£ -alanine (nM) 


rate 


no. 1 


1 


0 


2.78 




2 


0 


1.04 


37 


3 


5 


1.01' 


36 


4 


10 


1.04 


37 


5 


20 


1.24 


45 


6 


30 


1.51 


54 


7 


50 


1.54 


56 


8 


75 


1.80 


65 


9 


100 


1.85 


67 


10 


150 


2.33 


84 



10 



15 



20 



It was demonstrated in this part of the Example that 
the reaction rate of the hydrolysis reaction was a direct 
function of the amount of 2,4-dmitrophenyl-£-alanine in 
the reaction mixture. The present invention therefore 2 5 
provides a test composition and method for determining 
the presence of ligands such as derivatives of 2,4-dini- 
trophenyl in a liquid medium using a competitive bind- 
ing-fluorescent assay technique. 

C. Competitive binding-spectrophotometric assay for 30 
derivatives of 2,4-dinitrophenyl; effect of various levels 
of 2,4-dinitrophenyl-/?-alanine on the reaction rate. 

Eight specific binding reaction mixtures were pre- 
pared, each having a total volume of b 1.0 ml and each 
containing 0.1 M tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer atpH 7.0 and 2,4-dinitrophenyl-0- 
alanine at the concentrations indicated in Table 12. To 
seven of the eight reaction mixtures, i.e. nos 2 through 
8 in Table 12, was added an amount of antiserum to 



present invention therefore provides a test composition 
and method for detennining the presence of ligands 
such as derivatives of 2,4-dinitrophenyl in a liquid me- 
dium using a competitive binding-spectrophotometric 
assay technique. 

D. Competitive binding-fluorescent assay for deriva- 
tives of 2,4-dinitrophenyl; use of non-enzymatic moni- 
toring reaction. 

The specific binding assay system used in this part 
was the same as shown in Diagram 1 except that no 
esterase was used to catalyze the hydrolysis of the ester 
linkage in the conjugate. 

Eight specific binding reaction mixtures were pre- 
pared, each having a total volume of 2 ml and each 
containing 0.1 M tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.5 and 2,4-dinitrophenyl->3- 
alanine at the concentrations indicated in Table 13. To 
each reaction mixture was added 50 jil of antiserum to 
2,4-dinitrophenyl. After mixing, 20 u-1 of 2 u.M 2,4-dini- 
trophenyl-fluorescein conjugate (prepared as in Exam- 
ple 14) in dimethylsulfoxide was added to each reaction 
mixture and the resulting reaction rate was measured as 
13 Pait A 0f ^ Exam P Ie * results appear in Table 

TABLE 13 
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reaction 
mixture 


concentration of 
2,4-dinitrophenyl- 
0-alanine (nM) 


reaction 
rate 




0 


0.96 




12.5 


0.94 




31.2 


0.84 




62.5 


0.78 




94.0 


0.70 




125 


0.59 


7 


187 


0.57 


8 


250 


0.53 



It was demonstrated in this part of the Example that 
2,4-dnitrophenyl sufficientTolnhibit ite~«t7o7the 1^ b "*ground hydrolysis rate in the absence of ester- 
esteraseJtalyzed reaction in the other m f,£e i I I T 40 ^ , WaS ™ w . verse func . tlon of * e of 2,«ini 



esterase-catalyzed reaction in the other mixture, i.e. no 
1, by 82 percent. After mixing, 10 /il of 0. 1 mM 2,4-dini- 
trophenyl-fluorescein conjugate (prepared as in Exam- 
ple 14) in dimethylsulfoxide was added to each reaction 
mixture. A 20 u.1 volume of 0. 1 M tris-(hydroxymethyl)- A 
aminomethane hydrochloride buffer at pH 7.0 contain- 
ing 2.16 International units of Type I esterase (E.C. No. 
3.1.1.1, obtained from Sigma Chemical Co., St Louis, 
Mo.) was then added to each reaction mixture. The 
change in absorbance of each reaction mixture at 489 
nm per minute was recorded with a Gilford 2000 spec- 
trophotometer. The results appear in Table 12 and in 
graphical form in FIG. 8 of the drawing. 

TABLE 12 
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reaction 
mixture 



concentration of 
2,4-dinitrophcnyl- 



rate of change 



1 0 


0.0261 


2 0 


0.0047 


3 1.25 


0.0118 


4 2.5 


0.0131 


5 5.0 


0.0185 


6 7.5 


O.Q2Q2 


7 10.0 


0.0192 


8 12.5 


0.0223 



It was demonstrated in this part of the Example that 
the reaction rate was a direct function of the amount of 
2,4-dinitrophenyl-/J-alanine in the reaction mixture. The 



trophenyl-)3-alanine in the reaction mixture. The pres- 
ent invention therefore provides a test composition and 
method for determining the presence of ligands such as 
derivatives of 2,4-dinitrophenyl in a liquid medium 
using a competitive binding-fluorescent technique 
wherein the binding partner, upon becoming bound to 
the ligand in the conjugate, participates in the monitor- 
ing reaction. 

EXAMPLE 16 

Preparation of cortisol-umbelliferone conjugate. 
Cortisol-2 1 -hemisuccinate-umbelliferone. 

A. Cortisol-2 1-hemisuccinate. 
Succinic anhydride (0.5 g) was added to a solution of 

0.5 g Cortisol in 10 ml dry pyridine and stirred overnight 
at room temperature. Water (100 ml) was added and the 
mixture extracted with 100 ml ethyl acetate. The or- 
ganic phase was washed once with water and extracted 
with 100 ml saturated sodium bicarbonate solution. The 
60 aqueous phase was separated and acidified to pH 4 with 
10% hydrochloric acid. The precipitate which formed 
was collected by filtration, dried, and recrystallized 
from a hexane-acetone mixture to yield the desired 
intermediate (meeting point = 17K-2' C). 

B. Cortisol-umbelliferone conjugate. 
Carbodiimide (50 mg) was added to a solution of 100 

mg of the intermediate from Part A of this Example in 
3 ml dry dimethylformamide and stirred for 30 minutes. 
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A solution of 50 mg 7-hydroxycoumarin in 2 ml dimeth- 
ylformamide was added and the reaction mixture was 
stirred overnight at room temperature. The precipitate 
which formed was filtered and discarded. Water was 
added to the filtrate and the mixture was extracted with 
ethyl acetate. The organic phase was washed once with 
water, separated, dried with anhydrous sodium sulfate, 
filtered, and evaporated to dryness under vacuum. The 
residue was crystallized from an acetone-hexane mix- 
ture yielding the desired conjugate (melting 
point = 126° C). 

EXAMPLE 17 

Specific binding assay for Cortisol employing an en- 
zyme substrate (modified umbelliferone) as labeling 
substance. 

The specific binding assay system used in this Exam- 
ple was based on the following reaction: 
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cortisol-umbelliferone „ " te ^f fi - 
conjugate H2 °' P H 8 5 



►umbelliferone 



20 



Eight specific binding reaction mixtures were pre- 
pared, each having a total volume of 2 ml and each 
containing 0.1 M bis-hydroxyethylglycine hydrochlo- 
ride buffer at pH 8.5 and Cortisol at the concentrations 
indicated in Table 14. To seven of the eight reaction 
mixtures, i.e. nos. 2 through 8 in Table 14, was added an 
amount of antiserum to Cortisol sufficient to inhibit the 
rate of the esterase-catalyzed reaction in the other reac- 
tion mixture, i.e. no. 1, by 70 percent. After mixing, 20 
/i.1 of 2 pM cortisol-umbelliferone conjugate (prepared 
as in Example 16) in 0.1 M bis-hydroxyethylglycine 
hydrochloride buffer at pH 8.5 was added to each reac- 
tion mixture. After mixing again, 15 jtl of porcine ester- 
ase (0.81 units/ml) were added to each reaction mixture. 
The resulting reaction rate was measured in each reac- 
tion mixture in a manner similar to that described in 
Example 13. The results appear in Table 14. 

TABLE 14 



reaction 


concentration of 


reaction 


mixture 


Cortisol (nM) 


rate 




0 


0.0838 




0 


0.0256 




2.5 


0.0296 




10 


0.0306 




20 


0.0381 


6 


30 


0.0408 


7 


50 


0.0654 


8 


100 


0.0603 



25 



30 



35 



40 



45 



50 



It was demonstrated in this Example that the reaction 
rate was a direct function of the amount of Cortisol in 
the reaction mixture. The present invention therefore 
provides a test composition and method for determining 55 
the presence of Cortisol in a liquid medium using a com- 
petitive binding-fluorescent assay technique. 

EXAMPLE 18 



described in Chem. Scrip. 19:165-70 (1972). After hydro- 
lysis of the phosphodichloridate, 9.5 ml ethylenedi- 
amine (140 mm I) was added and allowed to react at 
room temperature for 3 nr. The reaction mixture was 
diluted to 4 liters with water and adjusted to pH 12 with 
sodium hydroxide. This solution was passed through a 
5 X 30 cm column of Dowex 1 x 8 (available from Bio- 
Rad Laboratories, Richmond, California) in the acetate 
form. Then the column was washed with 3 liters 0.01 M 
ammonium chloride and the chromatogram was devel- 
oped with a linear gradient generated with 3 liters water 
and 3 liters 1 M acetic acid. An isolated peak of uv 
absorbing material eluted between 1800 ml and 2050 ml 
of the gradient was concentrated to about 25 ml under 
vacuum. While this solution stood at V C. overnight, 
white crystals formed and these were collected and 
dried to give 65 percent yield of the product. A sample 
was recrystallized from hot water for analysis. Calcu- 
lated for C12H19N6O7P.2H2O: C.33.8; H.5.45; N,19.7. 
Found: C.34.3; H,5.22; N.19.7. Separate thin-layer chro- 
matograms developed with two solvent systems, the 
first consisting of 4 parts 0.5 M ammonium acetate to 1 
part ethanol and the second consisting of 3 parts isobu- 
tyric acid to 5 parts 1 M ammonium hydroxide, each 
showed one component which quenched fluorescence 
and reacted with ninhydrin. The compound in 0.1 N 
hydrochloric acid had an absorption maximum at 264 
nm and the milltmolar extinction coefficient was 17.7 
which spectral properties are characteristic of N 6 - 
alkylated adenosine derivatives. 

B. N 6 -[2-(2,4-dinitrophenyl)aminoethyl] adenosine- 
5 '-monophosphate. 

Two hundred fifty mg N 6 -(2-aminoethyl)adenosine- 
5'-monophosphate (0.65 mmol) from Part A of this 
Example was dissolved in 20 ml water at pH 8. Then 
168 mg sodium bicarbonate was added, followed by 0.2 
ml l-fluoro-2,4-dinitrobenzene (1.58 mmol dissolved in 
1 ml ethanol). The reaction mixture was stirred in the 
dark at room temperature for 4 hr and then an addi- 
tional 0.1 ml l-fluoro-2,4-dinitrobenzene in 1 ml ethanol 
was added. After the reaction mixture had stirred over- 
night, it was adjusted to pH 2.0 with hydrochloric acid 
and was poured into 200 ml ethanol. The precipitate 
which formed was dissolved in 200 ml water and this 
solution was adjusted to pH 8.0 with sodium hydroxide 
and chromatographed on a 2.5x30 cm column of 
DEAE-cellulose in the bicarbonate from (available 
from Reeve Angle, Clifton, New Jersey). The chro- 
matogram was developed with a linear gradient gener- 
ated with 1.5 liters water and 1.5 liters 0.7 M ammonium 
bicarbonate. A major peak of yellow material which 
absorbed uv light was eluted between 1200 and 1500 ml 
of the gradient. Ammonium bicarbonate was removed 
by repeated evaporation to dryness to give 40 percent 
yield of the desired product. This product migrated as 
one yellow spot on thin-layer chromatograms devel- 
oped with the same two solvents mentioned in Part A of 
this Example and on epichlorohydrintriethanolamine 
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Preparation of 2,4-dinitrophenyl-ATP conjugate (6- 60 anion-exchange paper developed with 0.25 M sodium 
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position derivative). 

N 6 -[2-(2 t 4-dimtrophenyl)aminoethyl] adenosine-5'- 
triphosphate. 

A. N 6 -(2-aminoethyl) adenosines-monophosphate. 

Two g (7 mmol) 6-chloropurine riboside (available 65 
from Sigma Chemical Co., St. Louis, Missouri) was 
stirred with 17 ml triethylphosphate and was reacted 
with phosph ryl chloride in the presence of water as 



acetate-acetic acid buffer, pH 5.0. In 0.02 hydrochloric 
acid the product had optical absorption m^ima of 264 
nm and 363 nm with millimolar extinction coefficients 
of 21.8 and 14.2, respectively. 
C. 2,4-dinitrophenyl-ATP conjugate. 
N 6 -[2(2,4-dinitr phenyl)aminoethyl] adenosine-5'- 
monophosphate (from Part B f this Example) (0.3 
mmole) was converted to the pyridinium salt by chro- 
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matography on a 1.5x20 cm column of Dowex 50x2 
in the pyridinium form (available from Bio-Rad Labora- 
tories, Richmond, California). The yellow effluent was 
concentrated to dryness and 15 ml dimethyl formamide 
and 0.3 mmol tri-n-butylamine were added. This mix- 
ture was evaporated to dryness and the residue was 
dried further by repeated evaporation. The monophos- 
phate intermediate was then converted to the triphos- 
phate form using the method disclosed in / Amer. 
Chem. Soc 87:1785-8(1965). The reaction products 
which were soluble in dimethylformamide were added 
to 250 ml water which was then adjusted to pH 8.0. This 
solution was passed into a 2.5x58 cm column of 
DEAE-cellulose in the bicarbonate form and the chro- 
matogram was developed with a linear gradient gener- 
ated with 3 liters water and 3 liters 0.5 M ammonium 
carbonate. The first eluted peak of yellow material was 
identified as the diphosphate derivative. A second peak 
of yellow material, which eluted between 4.15 and 4.4 
liters of the gradient, was evaporated to dryness to give 20 
20 percent yield of the desired conjugate which, by 
analysis, was found to contain 3.0 residues of phosphate 
per ribose residue. 
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Preparation of 2,4-dinitrophenyl-ATP conjugate (8- 
position derivative). 

8-[2-(2,4-dinitrophenyl)aminoethyl]aminoadenosine- 
5'-triphosphate. 

A. 8-(2-aminoethyl)aminoadenosine-5'-monophos- 30 
phate. 

A reaction mixture consisting of 2.2 mmol 8- 
bromoadenosine- 5 '-monophosphate, prepared accord- 
ing to the method described in Arch. Biochem. Biophys. 
163:561-9(1974), 66 mmol ethylenediamine and 25 ml 35 
water was heated in an oil bath at 140° for 2 hr. The 
cooled mixture was adjusted to pH 11.5 with sodium 
hydroxide and passed into a 2.5x55 cm column of 
Dowex 1x8 (200-400 mesh, bicarbonate form). The 



in 20 ml water by addition of sodium hydroxide to pH 
8.0. Then 168 mg sodium bicarbonate was added, fol- 
lowed by 0.2 ml l-fluoro-4-dinitrobenzene (1.58 mmol 
dissolved in 2 ml ethanol). The reaction was stirred for 
18 hr at room temperature and then 0.1 ml l-fluoro-2,4- 
dinitrobenzene in 1 ml ethanol was added. After stirring 
for an additional 4 hrs, the mixture was adjusted to pH 
2.0 with hydrochloric acid and poured into 200 ml cold 
acetone (-10" C). The yellow precipitate which 
formed was collected by filtration, dissolved in 200 ml 
water and passed into a 2.5X45 cm column of DEAE- 
cellulose in the bicarbonate form. The chromatogram 
was developed with a linear salt gradient generated 
with 2 liters water and 2 liters 0.7 M ammonium carbon- 
ate. A peak of yellow material with an absorption maxi- 
mum at 275 nm eluted between 2 and 3 liters of the 
gradient. Ammonium bicarbonate was removed from 
this material by evaporation under vacuum and the 
yield of the desired intermediate was 37 percent. Opti- 
cal absorption maxima measured in 0.02 N hydrochloric 
acid occurred at 275 and 363 nm and the millimolar 
extinction coefficients were 21.8 and 15.5, respectively. 
Further analyses showed 1.07 phosphate residue per 
ribose residue. 
C. 2,4-dinitrophenyl-ATP conjugate. 
The monophosphate intermediate (0.5 mmol) was 
converted to the tri-n-butylammonium salt by addition 
of 0.8 mmol tri-n-butylamine. The mixture was dried by 
repeated evaporation from dry dimethylformamide 
(four times, 10-15 ml each). The final residue, dissolved 
in 1 ml dimethylformamide, was mixed with 2.0 mmol 
carbonyldiimidazole also in 1 ml dimethylformamide 
and was allowed to react at room temperature for 4 hr. 
The excess carbonyldiimidazole was destroyed by reac- 
tion with 15 u,l methanol for 30 min. Finally, 3 mmol 
tri-n-butylammonium pyrophosphate in 4 ml dimethyl- 
formamide was added and allowed to react for 20 hr. 
The solid residue which formed was separated by cen- 
trifugation and washed twice with 5 ml portions of 



column was washed with 300 ml water and then with a 40 dimethylformamide. The combined supernatants were 



linear gradient generated with 3 liters water and 3 liters 
0.5 M ammonium bicarbonate. The absorbance of the 
effluent at 254 nm was monitored and a major peak of 
absorbing material eluted between 4.6 and 5.8 liters of 
the gradient. 

Ammonium bicarbonate was removed by repeated 
evaporation (five times, 20 to 30 ml water each time) to 
dryness under vacuum and the final residue was dis- 
solved in 20 ml water by addition of ammonium hydrox- 



added to 200 ml water, which was then adjusted to pH 
8 and chromatographed on a 2.5x25 cm column of 
DEAE-cellulose in the bicarbonate form. The chro- 
matogram was developed with a linear gradient gener- 
45 ated with 2 liters water and 2 liters 0.5 M ammonium 
bicarbonate. A peak of yellow material with an optical 
absorption maxima at 275 and 363 nm was eluted be- 
tween 2.0 and 2.9 liters of the gradient. The ammonium 
bicarbonate was removed by evaporation to give a 22 



ide to pH 8.0. The solution was filtered, adjusted to pH 50 percent yield of the desired conjugate. Results of analy- 



5.0 with formic acid and allowed to stand at 5° C for 
one day. Crystals which formed were collected, dis- 
solved at pH 8.0 and recrystallized at pH 5.0. The yield 
of the desired intermediate was 27 percent. On examina- 
tion by thin layer chromatography in a solvent consist- 55 
ing of 4 parts 0.5 M ammonium acetate to 1 part ethanol, 
the product migrated as one ninhydrin positive spot 
which quenched fluorescence. The optical absorption 
maxiumum in 0.02 N hydrochloric acid was 275 nm and 
the millimolar extinction coefficient was 17.5, which 60 
spectral properties are characteristic of alkylated 8- 
aminoadenosine derivatives. Calculated for 
C12H20N7O7P.H2O: C34.0; H.5.33; N,23.2. Found: 
C.34.1; H,5.28; N,23.9. 

B. 8-[2-(2,4-dinitrophenyl)aminoethyl]aminoadeno- 65 
sine-5'-monophosphate. 

8-(2-animoethyl)aminoadenosine-5'-monophosphate 
from Part A of this Example (0.64 mmol) was dissolved 



ses indicated that this product contained 3.2 residues of 
phosphate per residue of ribose. 

EXAMPLE 20 

Preparation of 2,4-dinitrophenyl-ATP conjugate (ter- 
minal phosphate derivative). 

P , {2-[N-(2,4-dinitrophenyl)amino]ethyl}P 4 -(5'- 
adenosine) tetraphosphate. 

A. 2-[N-(2,4-dinitrophenyl)amino]ethylphosphate. 

A solution containing 20 mmol ethanolamine phos- 
phate, 0.4 mol sodium bicarbonate and 0.2 g benzyltrie- 
thylammonium chloride in 20 ml water was stirred 
while 20 mmol l-fluoro-2, 4-dinitrobenzene was added 
dropwise. The resulting two-phase mixture was stirred 
at room temperature for 3 days. Then 600 ml ethanol 
was added and a yellow solid formed at 0* C. overnight. 
The solid was dissolved in 50 ml water and the solution 
was adjusted to pH 1.5 with 3 N hydrochloric acid. The 
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pr^ipitate which formed was collected by filtration bonate was concentrated by evaporation under vacuum 

and tnturated at 0* with 200 ml anhydrous ethanol. The and the amm nium carbonate wa^rem ved by rented 

sohd residue was dried in a vacuum at room tempera- evanorati n to drvn^^TuZTJu y TC J** t( * 

ture to yield 4 gm of yell w product (65 percent of * IT J' Furthcr punfkaU ° 

theoretical). This material melted at 2Q0 i -20T and mi- 5 ZT.TZZt Aortography n sil- 

grated as one yellow spot on thin-layer chromatograms J*] y t*?? '! «"*ng f 7 parts ethanol to 3 

devel ped with a solvent consisting of 7 parts ethan 1 to partS 1 M tneAylammomum carbonate (pH 7.5). Tw 

3 parts triethylammonium bicarbonate (pH 7.5). The ?** r u yell w separated and were each scraped 

optical absorption spectrum measured in 0.02 N hy- from ™ P^te. The silica gel was stirred for 1 hr with 

drohcloric acid had maxima at 359 and 264 nm and the 10 **ethanol-water (1:1 v/v) and the soluble materials from 

millimolar extinction coefficients were 17.0 and 9.2, each band were passed separately into 2.5X20 cm col- 

respectively. The neutralization equivalent was 325 umns °f DEAE-cellulose in the bicarbonate form. The 

which is the value calculated for the monohydrate. columns were washed with water and then 0.5 M am- 

Calculated for CsHu^OgP.rhO: C.29.55; H.3,72; monium carbonate. The yellow materials eluted by the 

N.12.92. Found: C.29.38; H,2.94; N ( 12.8-1. 15 salt were concentrated to dryness under vacuum. The 

B. 2,4-dinitrophenyl-ATP conjugate. compound which migrated faster on silica gel was iden- 

The intermediate prepared in Part A of this Example tified as unreacted 2-[NK2,4-dinitrophenyl)aniino]ethyl- 

was reacted with diphenylphosphorochloridate by the phosphate 

method described in Eur. / Biochem. 28:492-6(1972) to The second band, R^0.64, from the silica gel plate 

produce the acUvated pyrophosphate which was re- 20 hftd ontieal ^^I/^,: ' fl o<?!T«o «l J 

acted with ATP. One g 2-^2,4^1initrophenol- ST ^ maximaat 257 and 259 nm, and 

)amino]ethylphosphate (3.25 mmol) was converted to ^j'"^^ °[ ■«* talfal fa 

thepyridiniumsaltbychromatographyona2.5x25cm 002 N hydrochlonc acid were 21.1 and 16,2, respec- 

column of Dowex 50x2 in the pyridinium form. The tlvely * Thls P"*^ desired conjugate, was found 

yellow effluent was concentrated to dryness and the 25 to contain 4 -3 residues of phosphate per residue of ri- 

residue was suspended in 50 ml methanol to which 1.4 bosCt 

ml tri-n-octylamine (3.25 mmol) was added. The mix- pyampt p oi 
ture was stirred until the solid dissolved and then the Zi 
methanol was removed under vacuum. The residue was Direct bmding-bioluminescent assay for antibody to 
taken up in pyridine (20 to 25 ml) and evaporated to 30 2,4-dinitrophenyl; use of ATP as labeling substance, 
dryness (repeated twice). Then the residue was dis- The bioluminescence reaction system used in this 
solved in 30 ml dry dimethylformamide and evaporated Example was based on the following reaction: 
to dryness (repeated three times). The dried residue was 
dissolved in 30 ml dimethylformamide and 0.97 ml di- 
phenylphosphorochloridate (4.9 mmol) was added, fol- 35 ATP-Ugand ^"*^ > ATP + modified ligand 
lowed by 1.6 ml tri-n-butylamine (3.25 mmol). The 

reaction mixture was stirred for 2 hr at room tempera- lucifense ^ 

ture and then evaporated to dryness. The residue was + reduccd luciferm ^ 

shaken with 70 ml dry diethyl ether for 2 min and then 

150 ml petroleum ether was added. After 1 hr the yel- 40 + oxidked ludfcrin + hv 

low supernatant was decanted, leaving a yellow oil » ■. « . . . 

which was dissolved in 30 ml dry dimethylformamide * ^? ht generating solution was prepared containing 

and evaporated to dryness. The oil which remained was 10 mM morpholinopropane sulfonate buffer at pH 7.4, 

dissolved in 100 ml pyridine:dimethyl formamide (1:1 10 magnesium sulfate, 0.7 mM luciferm and 0.15% 

v/v) and one-half of this solution was reacted with the 45 < w/ y) bovine serum albumin. 

tri-n-octyl ammonium salt of ATP. Nine specific binding reaction mixtures were pre- 

ATP (0.7 mmol) was converted to the pyridinium salt pared, each having a total volume of 10 yA and each 

by chromatography on a 2.5 X 25 cm column of Dowex containing 20 mM tris-(hydroxymethyl>aminomethane 

50x2 in the pyridinium form. The aqueous solution of hydrochloride buffer at pH 7.4, 10 mM ethylenedi- 

this salt was evaporated to dryness and 15 ml methanol 50 aminetetraacetic acid, 45 mM 2,4-dinitrophenyl-ATP 

and 1.4 ml tri-n-octylamine (1.4 mmol) were added. The conjugate (terminal phosphate derivative, prepared 

mixture was stirred until the ATP dissolved and the according to Example 20), and antiserum to 2,4-dini- 

solvent was removed under vacuum. The residue was trophenyl in the amounts indicated in Table 15. After 

dried by repeated evaporation from pyridine and then incubation at 25* C for 1.5 hour, duplicate 10 ul ali- 

dry dmi^ylformaniide Finally, the ^oily residue was 55 quot8 of ^ rea ction mixture were assayed by injec- 

combmed with the activated 2-[N<2,4^imtrophenyl- tion mt0 a ai M volumc of ^ ^ve^Lchbcd light 

)amino]ethyIphosphate and the reaction mixture was fffflm rina m inLZLlwIf^ 

stirred at room temperature overnight Then the solvent ****** ? lutl ™ Piously mcubated at 25 Cfr at 

was removed by evaporation under vacuum and the le £ 2 T^T^nT* m * ^ 

residue was stirred with 100 ml water for 1 hr, while the 60 ! *f°** 760 Biohm^escence Photometer jE . 

pH was maintained at 6.5 to 7.5 by addition of sodium L duPont dc Nemours, Wilmington, Delaware). The 

hydroxide. The soluble material was applied to a 3x45 P^ li « ht ^tensity was read from the photometer. The 

cm column of Sephadex A-50 (DEAE) in the bicarbon- average peak light intensity for each reaction mixture 

ate form (available from Pharmacia Fine Chemicals, was calculated as well as the relative intensity (100% 

Piscataway, New Hersey. The chromatogram was de- 65 times the ratio of average peak intensity for the sample 

veloped with a linear gradient generated with 2 liters to that in the absence of antiserum). The results appear 

each 0.1 M and 0.5 M ammonium carbonate. Material in Table 15 and in graphical f rm in FIG. 9 fthedraw- 

which eluted between 0.18 and 0.26 M amm nium car- ing. 



59 

TABLE 15 



4,383,031 



60 



reaction 
mixture 


Antiserum 
to 2,4-dinitrophenyl 


average 

i^fllr ltaht 


relative 
intensity 
(percent) 


1 


o 


373 


inn 


2 


0.2 


351 


94 


3 


0.4 


324 


85 


4 


0.8 


254 


68 


5 


1.0 


211 


57 


6 


2.0 


91 


24 


7 


4.0 


40 


11 


8 


6.8 


40 


11 


9 


8.0 


37 


10 



10 



30 



It was demonstrated in this Example that the activity 
of the ATP in the 2,4-dinitrophenyl- ATP conjugate 15 
relative to the bioluminescent reaction system was an 
inverse function of the amount of antiserum to 2,4-dini- 
trophenyl present in the reaction mixture. The present 
invention therefore provides a test composition and 
method for determining the ligand antibody to 2,4-dini- 20 
trophenyl in a liquid medium using a direct binding- 
bioluminescent assay technique. 

EXAMPLE 22 

Competitive binding-bioluminescent assay for deriva- 25 
tives of 2,4-dinitrophenyl; use of ATP as labeling sub- 
stance. 

The bioluminescence reaction system used in this 
Example was the same as that described in Example 21. 

Thirteen specific binding reaction mixtures were 
prepared, each having a total volume of 100 /tl and each 
containing 20 mM tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.4, 10 mM ethylenediamine 
tetraacetic acid, 45 mM 2,4-dinitrophenyl-ATP conju- 
gate (terminal phosphate derivative, prepared accord- 
ing to Example 20), and 2,4-dinitrophenyl-£-alanine at 
the concentrations indicated in Table 16. To twelve of 
the thirteen reaction mixtures (i.e. nos 2 through 13) 
was added an amount of antiserum to 2,4-dinitrophenyl 
sufficient to inhibit the peak light intensity produced by 40 
the bioluminescence reaction in the other reaction mix- 
ture (i.e. no. 1) by 75 percent. After incubation at 25 a C. 
for 2 hours, duplicate 10 ul aliquots of each reaction 
mixture were assayed as in Example 21 and the average 
light intensity and relative intensity were calculated for 45 
each. The results appear in Table 16 and in graphical 
form in FIG. 10 of the drawing. 

TABLE 16 



50 



55 



60 



as derivatives of 2,4-dinitrophenyl in a liquid medium 
using a competitive binding-bioluminescent assay tech- 
nique. 

EXAMPLE 23 

Competitive binding-bioluminescent assay for deriva- 
tives of 2,4-dinitrophenyl; use of ATP as labeling sub- 
stance. 

The bioluminescence reaction system used in this 
Example was based on the following reaction: 

ATP-ligand + reduced luciferin luciferase > 

AMP-ligand + oxidized luciferin + hv 

A. Assay using 6-position derivative of ATP. 

Three specific binding reaction mixtures were pre- 
pared, each having a total volume of 100 u-1 and each 
containing 20 mM tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.4, 10 mM ethylenedi- 
aminetetraacetic acid, 20 uJ antiserum to 2,4-dinitrophe- 
nyl, 512 nM 2,4-dinitrophenyl-ATP conjugate (6-posi- 
tion derivative, prepared according to Example 18), and 
2,4-dinitrophenyl-j3-alanine at the concentrations indi- 
cated in Table 17. After incubation at 25° C. for 2 hours, 
duplicate 10 u.1 aliquots of each reaction mixture were 
assayed as in Example 21 and the average peak light 
intensity was calculated for each. The results appear in 
Table 17. 

TABLE 17 



35 


reaction 
mixture 


concentration of 
2,4-dinitrophenyl 
-/3-alanine (jaM) 


average 
peak light 
intensity 




1 


0 


7 




2 


25 


14 




3 


2500 


185 





concentration of 


average 


relative 


reaction 


2,4-dinitrophenyl 


peak light 


intensity 


mixture 


•^-alanine (pM) 


intensity 


(percent) 


1 


0.00 


377 


100 


2 


0.00 


89 


24 


3 


0.01 


97 


26 


4 


0.04 


130 


35 


5 


0.06 


143 


38 


6 


0.10 


170 


45 


7 


0.20 


210 


56 


8 


0.30 


257 


68 


9 


0.60 


314 


83 


10 


0.80 


334 


89 


11 


1.0 


344 


91 


12 


2.0 


363 


96 


13 


4.0 


385 


102 



B. Assay using 8-position derivative of ATP. 

Four specific binding reaction mixtures were pre- 
pared, each having a total volume of 100 u.1 and each 
containing 20 mM tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.4, 10 mM ethylenedi- 
aminetetraacetic acid, 20 u-1 antiserum to 2,4-dinitrophe- 
nyl, 594 nM, 2,4-dinitrophenyl-ATP conjugate (8-posi- 
tion derivative, prepared according to Example 19), and 
2,4-dimtrophenyl-^-alanine at the concentrations indi- 
cated in Table 18. After incubation at 25* C. for 2 hours, 
duplicate 10 u,l aliquots of each reaction mixture were 
assayed as in Example 21 and the average peak light 
intensity was calculated for each. The results appear in 
Table 18. 



TABLE 18 



reaction 
mixture 



concentration of 
2,4-dinitrophenyl 
-^-alanine (f*M) 



average 
peak light 
intensity 



0 
25 
250 
2500 



18 
51 
191 
190 



It was demonstrated in this Example that the relative 
intensity produced was a direct function of the amount 65 
of 2,4-dinitrophenyl-^-alanine present in the reaction 
mixture. The present invention therefore provides a test 
composition and method for determining ligands such 



The results of this Example and those of Example 22 
demonstrate that the labeling substance, ATP, may be 
derivatized at various positions about its structure in the 
preparation of a useful conjugate for use in the specific 
binding assay method of the present invention. 
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EXAMPLE 24 uct was btained » m P- C Calculated for 

- .... , . . . . . C 2 iH28N 6 0 5 S: C.52.92; H,5,92; N,17.64. Found: 

Preparati n of bi Un-isoluminol conjugate. C51.69; H,5.90; N, 17.63. 
6-(3-Biotinoylamido-2-hydroxypropylamine)-2,3- 

dihydrophthalazine-l f 4-dione. s EXAMPLE 25 

th^ l^* 10 ^ 2 ""^™^ Specific binding^hemiluminescent assays; effect f 

^Sty-five grams (0.142 mole) 4-amino-N- S5 ?* " ° f abio ^— 

methylphthalamide, prepared according to the method The chemiluminescent reaction system used in this 
described fa / Cherru Soc 26: (1937), and 20.7 g (0.21 10 example was basedT^eSw^So^ 
mole) l-chloro-2,3-epoxypropane were added to 150 ml 
2,2,2-trifluoroethanol and the reaction mixture was 

heated to reflux with stirring for 48 hrs. Seventy to biotin-isoluminol + H2O2 lacto P CTOxida5C > 
eighty ml of 2,2,2-trifluoroethanol was removed by 

distillation and a heavy yellow precipitate formed when 15 btotin-amwophthalate + N 2 + hv 

the remaining solution cooled to room temperature. 

This precipitate was triturated with ethyl acetate, col- Nure specific binding reaction mixtures were pre- 
lected by filtration and dried to give 29.S g (77% yield) pared, each having a total volume of 140 u.1 and each 
of the desired intermediate m.p. 136M38.5* C. Calcu- containing 0.1 M tris-(hydroxymethyl)-aminomethane 
lated for C12H13CIN2O3: C.53.64; H.4.88; N,10.45. 20 hydrochloride bufFer at pH 7.4 and biotin, biotin- 
Found: C53.87; H.4.85; N.10.81. isoluminol conjugate (prepared according to Example 

B. 4-[3-(N-Phthalmido)-2-hydroxypropylamino]-N- 24), and avidin (added last) in the concentrations indi- 
methylphthalimide. cated in Table 19. After 5 minute incubation at 25* C, 

The intermediate prepared in Part A (13.5 g, 0.05 10 u.1 0.1 M tris-(hydroxymethyl) aminomethane hydro- 
mole) and 15.7 g (0.085 mole) potassium phthalimide 25 chloride buffer at pH 7.4 containing 20 units/ml lac- 
were heated to reflux with stirring in 150 ml dimethyl- toperoxidase (available from Sigma Chemical Co., St. 
formamide for 24 hrs. The dimethylformamide was Louis, Missouri; assayed as described in Methods in 
removed and the residue was washed with water and Enzymology XVIIA, (1970)p.653-Assay 2) was added to 
filtered. The yellow filter cake was recrystallized from each reaction mixture. After incubation at 25* C. for 2 
acetic acid-water to give 12.8 g (67% yield) of product, 30 additional minutes, 10 \i\ 0.95 mM hydrogen peroxide in 
m.p. 247°-248.5* C. Calculated for C20H17N3O5: 10 mM tris-(hydroxymetnyl)-aminomethane hydrochlo- 
C63.32; H.4.52; N, 11.08. Found: C.63.16; H,4.38; ride buffer at pH 7.4 was injected into each reaction 
N, 10.93. mixture and the peak light intensity produced in each 

C. 6-[3-Amino-2-hydroxypropylamino]-2,3-dihydro- was measured using a Dupont Model 760 Biolumines- 
phalazine-l,4-dione. 35 cence Photometer (E. I. duPont de Nemours, Wilming- 

The intermediate from Part B (5.0 g, 13.2 mmole), 90 ton, Delaware). The results appear in Table 19. 
ml absolute ethanol and 35 ml 95% hydrazine were TART F iq 

refluxed with stirring for 4 hrs. The solvent was re- 

moved under a vacuum and the resulting solid was 
dried for 24 hrs under vacuum at 120* C. This material 40 
was stirred for 1 hr with 70 ml of 0.1 N hydrochloric 
acid. The insoluble 2,3-dihydroxyphthalazine-l,4-dione 
was removed by filtration and the filtrate was adjusted 
to pH 6.5 with saturated sodium bicarbonate. The white 
precipitate which formed was collected by filtration 45 
and dried to give 2.2 g of the product (67% yield). After 
recrystallization from water, the compound decom- 
posed at 273' C. Calculated for Q1H14N2O3: C.52.79; 
H,5.64; N.22.39. Found: Q52.73; H,5.72; N,22.54. 

D. Biotin-isoluminol conjugate. 50 
Biotin (0.29 g, 1.2 mmole) and 0.17 ml triethylamine 

were dissolved in 20 ml dry dimethylformamide under Reactions 1,2,5 and 7 were controls and show that in 
anhydrous conditions and cooled to — 10* C. A solution the absence of biotin-isoluminol conjugate, only a 1 w 
of 0.141 ml ethylchloroformate in 2.86 ml ether was background amount of light was measured. The result 
added slowly and the reaction was stirred for 30 min. A 55 of reactions 3 and 6 indicate that the biotin-isoluminol 
precipitate which formed was separated by filtration. A conjugate was active in the chemilumescent reaction 
suspension consisting of 600 mg (2.4 mmole) of the and that the presence of free biotin had no significant 
intermediate from Part C, 20 ml dry dimethylformam- effect on such activity. The result of reaction 4 shows 
ide and 1 ml dry pyridine was added to the filtrate that in the presence of avidin, a binder for biotin, the 
quickly. This mixture was stirred at — 10* C. for 30 min 60 activity of the biotin-isoluminol conjugate increased, 
and then at room temperature overnight. During this This result is rather unexpected since one would antici- 
period a solution was obtained. The dimethylformamide pate that binding of avidin to the conjugate should limit 
was removed by distillation at 60* C. and 0. 10 mm Hg the availability of the isoluminol moeity for the chemi- 
pressure. The oily residue was stirred with 50 ml 0. 1 N luminescent reaction. The reason for the observed en- 
hydrochloric acid for 1 hr. A white solid which formed 65 hancement of light-production is not understood. A 
was filtered and washed with 0.1 N hydrochloric acid comparison of the results of reacti ns 4,8, and 9 dem n- 
and then water. After drying under a vacuum at room strate that the enhancement of light production is de- 
temperature overnight, 0.55 g (97% yield) of the prod- creased inversely with the amount f free biotin present 



reaction 
mixture 


concen- 
tration 

of biotin 
0*M> 


concentration of 
biotin-isoluminol 
conjugate <nM) 


concentration 
of avidin 
(uniu/ml) 


peak 
light 
intensity 










0.8 








0.14 


0.9 






84 




1.9 






84 




1.9 






84 


0.14 


25.3 










0.8 


6 




84 




2.2 


7 






0.14 


0.9 


8 




84 


0.14 


6.1 


9 


1.3 


84 


0.14 


10.4 
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This Example demonstrates that the ligands avidin 
and biotin can be determined using specific binding- 
chemilumescent assay techniques and that according to 
the present invention the effect of binding between the 
labeling substance in the conjugate and a corresponding 
binding partner may be an enhancement, rather than 
inhibition, of the activity of the labeling substance. 

EXAMPLE 26 

Competitive binding-chemiluminescent assay for bio- 
tin; effect of various levels of biotin on the peak light 
intensity produced. 

The chemiluminescent reaction system used in this 
Example was the same as that described in Example 25. 

Six specific binding reaction mixtures were prepared, 
each having a total volume of 140 uJ and each contain- 
ing 0.1 M tris-(hydroxymethyl>aminomethane hydro- 
chloride buffer at pH 7.4, 84 nM biotin-luminol conju- 
gate (prepared as in Example 24), biotin at the concen- 
trations indicated in Table 20, and 0.035 units/ml avidin 
(added last). After a 5 minute incubation at 25 9 C, 10 /il 
of lactoperoxidase (20 units/ml) were added to each 
reaction mixture. 

After an additional 2 minute incubation, 10 /il 0.95 
mM hydrogen peroxide in 10 mM tris-(hydroxyme- 
thyl)-aminomethane hydrochloride buffer at pH 7.4 was 
injected into each reaction mixture and the peak light 
intensity produced in each was measured as in Example 
25. The results appear in Table 20 and in graphical form 
in FIG. 11 of the drawing. 

TABLE 20 
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Co., Milwaukee, Wisconsin) were injected into each 
reaction mixture and the peak light intensity produced 
in each was measured as in Example 25. The results 
appear in Table 21 and in graphical form in FIG. 12 of 
the drawing. 



reaction 


concentration of 


peak light 


mixture 


biotin (nM) 


intensity 


1 


0 


23.5 


2 


67. 


21.1 


3 


134 


15.5 


4 


200 


12.6 


5 


268 


12.3 


6 


400 


8.1 



10 



15 



20 



It was thus demonstrated that the magnitude of the 
peak light intensity produced by the chemiluminescent 
reaction system was an inverse function of the amount 
of biotin present in the specific binding reaction mix- 
ture. The present invention therefore provides a test 
composition and method for determining the presence 
of the ligand biotin in a liquid medium using a competi- 
tive binding-chemiluminescent assay technique. 

EXAMPLE 27 

Competitive binding-chemiluminescent assay for bio- 
tin. 

The chemiluminescent reaction system used in this 
Example was based on the following reaction: 

biotin-isoluminol + K02->biotin-aminoph- 
thalate+N2+hv 



TABLE 21 


reaction 

mixture 


concentration of 
Dioun \nMj 


peak light 
intensity 


1 


n 
U 


38.5 


2 


13 


38.5 


3 


27 


34.3 


4 


40 


36.1 


5 


53 


35.2 


6 


67 


36.2 


7 


101 


34.0 


8 


133 


31.7 


9 


166 


29.1 


10 


200 


24.2 


U 


267 


22.8 


12 


333 


20.5 


13 


400 


13.4 


14 


534 


8.6 


15 


667 


8.3 


16 


800 


7.0 



25 It was demonstrated that the magnitude of the peak 
light intensity produced by the chemiluminescent reac- 
tion system was an inverse function of the amount of 
biotin present in the specific binding reaction mixture. 
The present invention therefore provides a test compo- 
3 q sition and method for determining the presence of the 
ligand biotin in a liquid medium using a competitive 
binding-chemiluminescent assay technique which does 
not employ an enzyme-catalyzed monitoring reaction. 
What is claimed is: 
35 1. A homogeneous specific binding assay method for 
determining a ligand in a liquid medium, comprising the 
steps of: 

(1) .forming a reaction mixture by combining said 
liquid medium (a) with a conjugate comprising said 

40 ligand, or a specific binding analog or binding part- 
ner thereof, labeled with a substance which is a 
reactant in a chemiluminescent reaction, and (b) if 
said conjugate comprises said ligand or analog 
thereof, also with a specific binding partner of said 

45 ligand, the ability of the chemiluminescent label to 
participate in said chemiluminescent reaction being 
changed when said conjugate is bound, 

(2) forming said chemiluminescent reaction in at least 
a portion of said reaction mixture, and 

50 (3) comparing the light produced with that produced 
following the same procedure using a liquid me- 
dium containing a known amount of said ligand. 

2. The method of claim 1 wherein the rate of said 
chemiluminescent reaction is measured as a function of 

55 said ligand in said medium. 

3. The method of claim 1 wherein the light produced 
by said chemiluminescent reaction is measured as the 
total amount of light produced or a portion thereof. 

4. The method of claim 1 wherein the light produced 



Sixteen specific binding reaction mixtures were pre- 
pared, each having a total volume of 150 uJ and each 

containing 0.1 M tris-(hydroxymethyl)-aminomethane 60 by said chemiluminescent reaction is measured as the 



hydrochloride at pH 8.0, 42 nM biotin-luminol conju- 
gate (prepared as in Example 24), biotin at the concen- 
trations indicated in Table 21, and 0.12 units/ml avidin 
(added last). After incubation at 25* C. for 5 minutes, 10 
/il of dimethylformamide containing 0.15 M potassium 
superoxide (KO2) (available from Alpha Pr ducts, B v- 
erly, Massachusetts) and 0.10 M 1,4,7, 10,13, 16-hexaox- 
yacylcooctadecane (available from Aldrich Chemical 



peak intensity of light produced. 

5. The method of claim 1 wherein said chemilumines- 
cent label is luciferin, luminol, pyrogallol, or isoluminoi. 

6. The method of claim 1 wherein said chemilumines- 
65 cent label is luminol or isoluminoi, or a derivative 

thereof. 

7. The method of claim 1 wherein said chemilumines- 
cent reaction is enzymatic. 
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8. The method of claim 7 wherein said chemilumines- 
cent label is a substrate f r an enzyme inv lved in the 
enzymatic chemiluminescent reacti n. 

9. The method of claim 1 wherein said ligand is se- 
lected from the group consisting f antigens and anti- 
bodies thereto; haptens and antibodies thereto; and hor- 
mones, vitamins, metabolities, and pharmacological 
agents, and their receptors and binding substances. 

10. The method of claim 1 wherein said liquid me- 
dium is a biological fluid. 

11. A homogeneous competitive binding assay 
method for determining a ligand in a liquid medium, 
comprising the steps of: 

(1) forming a reaction mixture by combining said 



66 



10 



23. The method of claim 17 wherein said ligand is an 
antigen and said binding partner is an antibody therefor. 

24. A homogeneous method of determining the pres- 
ence of a ligand in a medium suspected f containing 
said ligand which comprises; bringing t gether in an 
aqueous liquid zone: (1) said medium; (2) a chemilumi- 
nescent labeled ligand; and (3) a soluble binding partner 
having sites capable of bonding to said ligand and said 
chemiluminescent labeled ligand; the concentrati n of 
said binding partner being such that there are insuffi- 
cient binding sites to combine with all of said labeled 
ligand present in the three component mixture, and 
wherein binding of said chemiluminescent labeled li- 
gand by said binding partner affects the ability f said 



liquid medium with (a) a conjugate comprising said 13 labeled ligand to cheniiluminesce; and analyzing in said 
ligand or an analog thereof labeled with a chemilu- zone, without physically separating free chemilumines- 



minescent substance, and (b) a specific binding 
partner of said ligand, the ability of the chemilumi- 
nescent label to participate in its chemiluminescent 
reaction being changed when said conjugate is 
bound by said binding partner, 

(2) forming said chemiluminescent reaction in at least 
a portion of said reaction mixture, and 

(3) measuring the light produced as a function of said 
ligand in said liquid medium. 

12. The method of claim 11 wherein said chemilumi- 
nescent label is luciferin, luminol, pyrogallol, or 
isoluminol. 

13. The method of claim 11 wherein said chemilumi- 
nescent label is luminol or isoluminol, or a derivative 
thereof. 

14. The method of claim 11 wherein said chemilumi- 
nescent reaction is enzymatic. 
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cent labeled ligand from chemiluminescent labeled li- 
gand bound to said binding partner, for the effect of said 
medium on the amount of chemiluminescent labeled 
ligand bound to said binding partner. 

25. A method according to claim 24 wherein said 
ligand is insulin. 

26. A method according to claim 25 wherein said 
chemiluminescent labeled ligand is an insulin-luminol 
conjugate. 

27. A method according to claim 24 wherein said 
ligand is digoxin. 

28. A method according to claim 27 wherein said 
chemiluminescent labeled ligand is a digoxin-luminol 
conjugate. 

29. A method according to claim 24 wherein said 
binding partner is an antibody. 

30. A method according to claim 24 wherein said 



15. The method of claim 14 wherein said chemilumi- 33 ligand is a drug, its analog or metabolite. 



nescent label is a substrate for an enzyme involved in 
the enzymatic chemiluminescent reaction. 

16. The method of claim 11 wherein said ligand is an 
antigen or a hapten and said binding partner is an anti- 
body therefor. 

17. A homogeneous direct binding assay method for 
determining a ligand in a liquid medium, comprising the 
steps of: 

(1) forming a reaction mixture by combining said 



31. A method according to claim 30 wherein said 
drug is selected from the group consisting of morphine, 
barbiturates, diphenylhydantoin, and metabolites and 
analogs thereof. 
40 32. A method according to claim 24 wherein said 
ligand is a protein. 

33. A method according to claim 32 wherein said 
protein is selected from the group consisting of poly- 
peptides, antibodies, hormones, insulin, chorionic gona- 



liquid medium with a conjugate comprising a spe- 45 dotropin, bradykinnin, and thyroid binding globulin. 



cific binding partner of said ligand labeled with a 
chemiluminescent substance, the ability of the che- 
miluminescent label to participate in its chemilumi- 
nescent reaction being changed when said conju- 
gate is bound by said ligand, 

(2) forming said chemiluminescent reaction in at least 
a portion of said reaction mixture, and 

(3) measuring the light produced as a function of said 
ligand in said liquid medium. 



34. A method according to claim 24 wherein said 
ligand is a steroid. 

35. A method according to claim 24 wherein said 
ligand is a vitamin. 

50 36. The method of claim 24 wherein said chemilumi- 
nescent ligand is a conjugate of a ligand with a chemilu- 
minescent substance selected from the group consisting 
of luciferin and luminol. 
37. Reagent means for use in a homogeneous specific 



18. The method of claim 17 wherein said chemilumi- 55 binding assay for determining a ligand in a liquid me- 



nescent label is luciferin, luminol, pyrogallol, or 
isoluminol. 

19. The method of claim 17 wherein said chemilumi- 
nescent label is luminol or isoluminol, or a derivative 
thereof. 

20. The method of claim 17 wherein said chemilumi- 
nescent reaction is enzymatic. 

21. The method of claim 20 wherein said chemilumi* 
nescent label is a substrate for an enzyme involved in 
the enzymatic chemiluminescent reaction. 

22. The method of claim 17 wherein said ligand is an 
antibody and said binding partner is its antigen r hap- 
ten. 



dium, comprising (a) a conjugate comprising said ligand 
or an analog thereof labeled with a substance which is a 
reactant in a chemiluminescent reaction, and (b) a spe- 
cific binding partner of said ligand, the ability of the 
60 chemiluminescent label to participate in said chemilumi- 
nescent reaction being changed when said conjugate is 
bound by said binding partner. 

38. The reagent means of claim 37 wherein said che- 
miluminescent label is luciferin, luminol, pyrogall 1, r 

65 isoluminol. 

39. The reagent means f claim 37 wherein said che- 
miluminescent label is lumin 1 risolumin i, or a deriv- 
ative thereof 



40. The reagent means of claim 37 wherein said che- 
miluminescent reaction is enzymatic. 

41. The reagent means of claim 40 wherein said che- 
miluminescent label is a substrate for an enzyme in- 
volved in the enzymatic chemiluminescent reaction. 

42. The reagent means of claim 37 wherein said li- 
gand is selected from the group consisting of antigens 
and antibodies thereto; haptens and antibodies thereto; 
and hormones, vitamins, metabolites, and pharmacolog- 
ical agents, and their receptors and binding substances. 
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43. The reagent means of claim 37 wherein said con- 
jugate and said specific binding partner are soluble in 
said liquid medium. 

44. The reagent means of claim 37 wherein said con- 
5 jugate and said specific binding partner are in a dry 

form. 

45. The reagent means of claim 37 wherein at least 
one of the components of said means is incorporated 
with a carrier. 

10 46. The reagent means of claim 45 wherein said car- 
rier is adsorbent relative to said liquid medium. 
• • • • • 
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